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Abstract

In this paper we present a large scale study on the evolution of the Web structure of the Chilean domain (.cl) from 2000
to 2004, focusing on the Web site transitions in the structure. This is the study of the largest time span and the most
detailed of its kind. Our results show that there are many stable Web sites, but also a majority of chaotic changes. We
also present the first known results on the death behavior of Web sites.
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1. Introduction

The Web is highly dynamic and not too much is
known about its evolution. There has been some
work on page evolution, obtaining models that pre-
dict when a page will change, but this differs a lot
from site to site. There are also generative models
for Web growth, but they usually do not include
Web death (an exception is [5]).

In this study we focus on the Web site graph or
host-graph. Web sites are better study subjects than
Web pages for many reasons. First, a Web site most
of the time is a logical information unit, this being
less true for pages. Second, the main events on the
evolution of the Web are related to sites. In fact,
new Web sites appear and others disappear, but lit-
tle is known about how this happens. Third, most
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external links in a site are to home pages, so the
Web structure of sites is the glue of the Web connec-
tivity. Fourth, most sites are strongly connected (it
is enough to have a link to the home page in every
page). Otherwise, a Web site would have pages in
more than one component of the structure, which
does not make any sense as a Web site should be
atomic with respect to the overall structure (see
similar and additional arguments in [6]).

The only paper that focuses in the dynamics of
the host-graph is [6], but it does not study the struc-
ture of the host-graph. In [3] we presented the evo-
lution of the structure composition of the Chilean
Web at the site and domain level, based on data
gathered from a search engine targeted to this coun-
try’s Internet domain, TodoCL.cl, between the
years 2000 and 2002. We extended our results and
their analysis to 2003 in [4]. In this paper we include
data of 2004, extending our previous results and
visualizations. We focus not only on macro statis-
tics, but also on the transitions of Web sites among
different structural components. That is, we try to
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answer the following question: are the size changes
in the Web structural components due to a small
number of sites going from one component to
another in one direction or to a larger number of
sites that go in both directions? Our results show
that for some Web components the first is true,
while for others the second is true.

We define the Chilean Web as all .cl sites, which
in practice represent more than 98% of the sites
(other non .cl sites hosted in Chile are estimated
to number less than 1000). The first year the crawl
started from an initial sample of sites, but subse-
quent years it started with all .cl domains thanks
to NIC Chile (www.nic.cl). Hence, the number of
unconnected sites was low the first year. Also, the
last three crawls contain more dynamic pages,
which in general do not change the Web structure.
In addition, the last two crawls, although larger in
pages compared to 2002, may not reflect an actual
growth in the Chilean Web as the number of sites
did not increase that much. Table 1 shows the data
gathered for our study. Although our results depend
on our crawling policies, we have used always the
same crawler, changing only the seed URLs. Obvi-
ously, each year our seed set is larger.

Our results present how the structure evolves,
how sites migrate from one component to another
component, and where sites appear and disappear
in the structure. The changes are dramatic, showing
more chaos than order, and we elaborate on this in
the conclusions. This is a first step to measure and
follow the evolution of the structure of a part of
the Web, as well as try to understand the process
behind the changes. To the best of our knowledge
there are no other studies on Web structure compo-
sition as detailed as ours, both in results and time
span. Most statistical studies deal with global attri-
butes such as language or size.

In Section 2 we review the results on the structure
of the Web and the problems faced to obtain it. Sec-
tion 3 shows the evolution of this structure, and Sec-
tion 4 analyzes the migrations of Web sites in the

structure in relation to the expected typical life cycle
of a Web site. In Section 5 we analyze the dynamics
of the size of Web sites. The last section contains
our concluding remarks.

2. Web structure

The most complete (and unique) study of the
Web structure [7] focuses on page connectivity.
One problem with this is that a page is not a logical
unit (for example, a page can describe several docu-
ments and one document can be stored in several
pages). Hence, we started by studying the structure
of how Web sites were connected, as Web sites are
closer to being real logical units. Not surprisingly,
we found in [1] that the structure at the Website
level was similar to that of the global Web, and
hence we were able to use the same notation of
[7]. The components are

(a) MAIN, sites that are in the strong connected
component of the connectivity graph of sites
(that is, we can navigate from any site to any
other site in the same component);

(b) IN, sites that can reach MAIN but cannot be
reached from MAIN;

(c) OUT, sites that can be reached from MAIN,
but there is no path to go back to MAIN; and

(d) other sites that can be reached from IN (T.IN,
where T is an abbreviation for tentacles), sites
in paths between IN and OUT (TUNNEL),
sites that only reach OUT (T.OUT), and
unconnected sites (ISLANDS).

In [1] we analyzed the data for year 2000 and we
extended this notation by dividing the MAIN
component into four parts:

(a) MAIN-MAIN, which are sites that can be
reached directly from the IN component and
can reach directly the OUT component (that
is, interconnection sites from IN to OUT);

Table 1
TodoCL collections

Year

2000 2001 2002 2003 2004
Pages 695,546 794,046 1,987,804 3,135,020 3,252,779
Sites (crawled) 7468 21,204 38,307 38,208 53,527
Sites (known) 7468 22,882 45,606 56,018 78,477
Domains (crawled) 6261 19,386 34,869 33912 47,468
Domains (known) 6261 20,644 41,184 49,258 69,073
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(b) MAIN-IN, which are sites that can be reached
directly from the IN component but are not in
MAIN-MAIN;

(c) MAIN-OUT, which are sites that can reach
directly the OUT component, but are not in
MAIN-MAIN;

(d) MAIN-NORM, which are sites not belonging
to the previously defined subcomponents.

Fig. 1 shows all these components. The average
update time of pages and sites, and their relation
to structure and link ranking techniques was studied
in [2] for the first two collections (2000 and 2001).
We could consider domains in our study, but
domains may contain sites that are quite different.
For example, Web hosting in an ISP provider using
a common second-level domain such as co.cl.

Given this structure, with good seeds, it is possi-
ble to crawl MAIN and OUT without problems.
The rest is more difficult if we do not have a complete
list of seeds, and most studies do not find, for exam-
ple, all of the ISLANDS. In our case, we have most
of the Chilean domains, hence our study has a very
large coverage. On the other hand, because any
crawling is incomplete (for example, dynamic pages
can be unbounded), any Web graph will be incom-
plete. That means that any analysis of the Web struc-
ture will be an approximation. Moreover in our case,
as we are not considering paths through links out-
side the Chilean Web, we cannot know a path
between two pages if the path goes outside the .cl
domain. Nevertheless, our Web subset is a very
coherent one and it is not just a Web sample. To
know if a site exists, it is enough to crawl the home
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Fig. 1. Structure of the Web.

page. However, to know all the links for that site,
a thorough crawling of the site is needed.

3. Evolution of the structure composition

Table 2 shows the number of sites that have
appeared and disappeared from year to year, from
a total of 78,477 different sites belonging to 69,073
domains, crawled at some point. As of April 6,
2005, there were 119,408 registered domains in .cl,
with 94,348 having a DNS server. Hence, in the worst
case our data covers 73% of all domains in .cl. How-
ever, we estimate that the coverage is over 80%. The
last three rows represent the new sites (NEW), the
sites that were not crawled but exist (UNKNOWN),
and the sites that disappeared (DEAD), respectively.
In both cases, we count on a year to year basis. That
is, it is NEW from a year to the next, not to the over-
all period considered. UNKNOWN include non-
crawled existing sites and sites with connectivity or
access problems. NEW sites may not be really new,
as the crawling coverage is not 100%. Death of a site
means that there is no IP address associated with it
(this might be incorrect if the site changes its name,
but then it is considered as a new site and there are
few such cases) and death of a domain means that
there are no sites associated with it (in particular
the domain name itself or prefixed by www).!

In Table 3 we give the relative size of each com-
ponent. Notice the size of ISLANDS in 2004, which
is over 45% of the Chilean Web sites (but only a
small percentage of the total number of pages).
These sites are usually recent, and the main growth
of the Web is in that component. As our collection
is not complete, the percentages for MAIN are
lower bounds while for ISLANDS, upper bounds.
As we checked for non-crawled sites to see if they
exist, but we do not know the actual component
they belong to, we can have upper and lower
bounds for MAIN and ISLANDS, by adding and
subtracting the number of sites with an unknown
component, respectively. For example, the real
number of sites in MAIN is between MAIN-
UNKNOWN and MAIN+UNKNOWN.

To visualize the evolution, Fig. 2 shows the
growth of each component including the number of
sites dying (left) and the percentage for each compo-
nent, including UNKNOWN sites (the dead sites are
represented in a normalized fashion using the num-

! The domain name could be still registered and have a name
server, though.
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Table 2
Growth and death of sites (2000-2004)

Year

2000 2001 2002 2003 2004
CRAWLED 7468 21,204 38,307 38,208 53,527
NEW - 15414 22,724 10,412 22,459
UNKNOWN - 856 1766 3599 6195
DEAD - 822 4343 8143 5474
Table 3

Relative size of the components of the Chilean Web (2000-2004)

Component size (%)

2000 2001 2002 2003 2004
TIN 1.31 3.04 3.09 1.96 2.08
IN 10.81 584  10.07 8.22 6.65
MAIN 36.35 9.24 11.71 1836 15.11
ouT 39.39 2021 16.57  26.58  26.12
TOUT 4.03 1.68 3.1 3.74 3.65
TUNNEL 0.37 0.22 0.21 0.21 0.23
ISLANDS 7.71  59.73 5521 409 46.16
MAIN-MAIN 3.88 3.43 4.10 4.65 3.64
MAIN-OUT 8.86 2.49 2.79 6.28 5.03
MAIN-IN 4.76 1.16 2.23 2.20 1.54
MAIN-NORM  18.95 2.15 2.90 5.24 4.90

ber of existing sites as the 100% level). The gray levels
follow the order given by the boxed legend at the
right.

4. Analysis of Website migration

In this section, we analyze how sites migrate in the
structure. If a year a site S'is in component A and the

Number of sites
Percent

next year it is found in component B (B # A), we say
that S migrated from A to B (a state transition in the
structure). In Table 4 we show the sorted percentage
of aggregated transitions for all the years.

In Appendix A we give the absolute numbers for
the migration of sites per year among all the compo-
nents. In most cases the UNKNOWN component
sites will belong to ISLANDS or OUT, although
in the later case, we just need one link back to MAIN
to have that site in MAIN. Notice that OUT and

Table 4
Total sorted percentage of migrations between components of the
Chilean Web (2000-2004)

Transition Percent
NEW-ISLANDS 55.30
ISLANDS-DEAD 15.05
NEW-OUT 14.47
NEW-MAIN 8.53
NEW-IN 7.93
ISLANDS-OUT 7.11
MAIN-OUT 4.29
OUT-MAIN 3.95
OUT-ISLANDS 3.91
OUT-DEAD 3.16
ISLANDS-IN 2.37
IN-DEAD 2.18
IN-ISLANDS 2.17
IN-MAIN 1.72
MAIN-DEAD 1.53
ISLANDS-MAIN 1.48
IN-OUT 0.94
MAIN-IN 0.88
MAIN-ISLANDS 0.85
OUT-IN 0.57

2003

2002

Year

T T T 1
2002 2003 2004

Year

Fig. 2. Growth of the structural components, as well as site death: absolute value (left) and percentage (right).
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MAIN are quite stable components, because a large
fraction of their sites stay there. It is also interesting
to see that MAIN grows mainly from OUT or NEW
sites, and that ISLANDS is the component with
largest growth and also death, followed by OUT
(and not IN as would be expected).

Web sites evolve and hence migrate inside the
structure. First, a typical Web site should start as
part of ISLANDS or IN (depending if they link or
not to a good Web site). If the site becomes popular
and they also link to known sites, the site migrates to
MAIN. If links are not well chosen or updated, they
start in or migrate to OUT. Fig. 3 shows the expected

Fig. 3. Expected migrations of Web sites in the structure.

I

2.18%

life path of a Website to migrate to MAIN. We also
include migrations from MAIN to OUT if the site is
not well maintained. On the other hand, the left side
of Fig. 4, shows what really happened, aggregating
all the transitions in our data (dark arrows are sites
that disappear). The main differences from our intu-
ition are that there are very few IN to MAIN and IN
to ISLANDS transitions. However, some of the tran-
sitions involve changes in two links, for example,
from IN to OUT or MAIN to or from ISLANDS.
Assuming that the two links do not appear exactly
at the same time, the transition from IN to OUT
went through MAIN or ISLANDS, ISLANDS to
MAIN went through IN or OUT, and MAIN to
ISLANDS went through OUT or IN. This means
that a finer time granularity on the Web snapshots
is needed to understand 3.4% of the transitions.
Using the transitions of Fig. 4 as a static Markov
chain, assuming that the rest of the cases in each part
of the structure are internal transitions to itself
(except the NEW+DEAD case), we obtain a 31%
upper bound on the size of MAIN or OUT, and a
19% upper bound in the size of IN. Similarly, we get
a 19% lower bound for the size of the ISLANDS.
Fig. 5 shows the real migration of each site in the
structure using one grey level per component. The
order of the grey levels, from white to black is
(NEW+UNKNOWN+DEAD, TIN, IN, MAIN,
OUT, TOUT, TUNNEL, ISLANDS). Each column

Fig. 4. Aggregated real migrations of Web sites in the structure.
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Fig. 5. Migrations of Web sites in the structure (one column per year, one line per site, one grey level per component). The left side is

sorted by grey level order, right side by case frequency.

is a year from 2000 to 2004 and each Web site is a
horizontal line with segments having gray levels
depending on the component that the site belonged
to each year. The left visualization has the horizon-
tal lines sorted by gray level and the right visualiza-
tion is sorted by case frequency.

From the possible 16,807 migration patterns, we
found only 2954 (17.6%) in the 78,477 sites. Still,
this is quite large and shows the dynamism of the
Web. We can clearly see the growth in the white
space at the left, the transition NEW to ISLANDS
being the most frequent. The white space to the
right are the UNKNOWN or DEAD cases.

Fig. 6 shows the same, but keeping only the Web-
sites that were always found (that is, they were never

in the NEW, UNKNOWN, or DEAD state). This
subset is interesting because is independent of our
crawling seeds and policies, and also because repre-
sents the core of the Chilean Web. This subset is a
zoom on the bottom part of the figure removing all
sites having at least one white line and comprising
3395 sites (4.3%). Here we found 704 (9.1%) of the
7776 possible migration patterns, which is consistent
with the fact that they should have more component
stability. Here we can see that the most frequent
cases are to remain in MAIN or OUT or to switch
between those components. These cases account for
50.1% of all cases, not including the fifth most fre-
quent case, which are sites that are in OUT but one
year were ISLANDS. That is, 50% of the core of
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Fig. 6. Migrations of Web sites in the structure considering only stable Web sites (one column per year, one line per site, one grey level per
component). The left side is sorted by grey level order, right side by case frequency.

the Web is quite stable, only 2.2% overall. We can
notice also that there is almost no migration from
IN to MAIN in opposition to what our intuition pre-
dicted. Also, there are Web sites that appear directly
in MAIN or OUT. This means that a good site seems
to be linked from a site in MAIN in less than a year,
or that sites obtain links from portals in MAIN (for
example, a banner).

5. Web size dynamics

Another issue is the dynamics of the sites’ con-
tents, which is far more difficult and complex. One
first estimation is to look at the changes in the num-
ber of pages. For example, the largest 100 sites (in

pages) per year, involve 408 sites for all years (so
there are many changes in page size), and only 10
and 72 sites were in the top for 3 and 2 years, respec-
tively. Fig. 7 shows the number of pages of the 10
largest Web sites per year from 2000 to 2003 (in
total 39 different Web sites). Although the number
of pages depends on crawling policies, we have used
more or less the same policies all the time and the
changes are quite radical.

One reason for sudden changes could be attrib-
uted to the business behind Web evolution. How-
ever, there are additional and very different reasons
for page count changes. The main one is Web design
changes. For example, from static pages to dynamic
generation of pages. Even worse, design changes that
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Fig. 7. Changes in the number of pages for the 10 top sites per
year (2000-2003).

do not allow crawlers to enter, mostly because of
ignorance. For example, in 2001, 56% of the domains
and 54% of the sites had only one page. However,
in 25% of them (14% of the total) was because they
had an initial “binary’’ page that hides the internal
links (Flash pages for example). In 2004, only 40%
of the sites had one page, but 31% of them were
due to binary pages (13% of the total). Although the
percentage is the same, the absolute value of “invisi-
ble” sites has more than doubled in three years.

6. Concluding remarks

The Web is very young and in Chile the first Web
site appeared at the end of 1993 in our CS depart-
ment. As we have data for five years, our study
covers more than 40% of the main part of the life-
time of the Chilean Web.

The overall number of sites of the Chilean Web
almost doubles each year, as we believe that the last
year did not reflect the actual growth, mainly due to
the prevalence of dynamic pages. This growth is the

result of about a 100% increase plus a 20% death.
So, one might use a simple model for Web site
growth of f,, = (o« — f)f,,—1 where « is the growth rate
and f§ the death rate. According to our results we
have « =~ 1.98 and f§ =~ 0.17, obtaining f, ~ 1.81f,,_;.
While an exponential growth cannot be sustained
too long, the Web has been growing exponentially
for more than 10 years. On the other hand, the
Web grows continuously, and we only have one
snapshot per year. Different time granularities for
this type of data could be considered to see if a
one-year sampling is good enough.

There is still work to do to understand how the
composition of the structure changes, but perhaps
there are no formal processes driving the situation.
Indeed, our results imply that perhaps we are try-
ing to study a process that is still in a transient phase,
or that cannot be modeled at such a level of detail.

We plan to extend our study by separating the
Chilean Web sites in commercial, educational, gov-
ernmental, military, etc. categories. Although Chile
does not use a subdomain level indicating this, we
have the classification made at registration time.
Perhaps there will be stability differences among
these different classes.
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Appendix A

Tables 5-8 present all the transitions among
components from 2000 to 2004. There are two ways

Table 5
Component changes of sites from 2000 to 2001
2000 2001

MAIN ouT IN ISLANDS TUNNEL TIN TOUT UNKNOWN DEAD
MAIN 959 724 139 304 11 61 24 275 218
ouT 195 1151 39 749 5 96 48 336 323
IN 39 89 118 279 2 31 25 103 122
ISLANDS 18 124 14 213 0 14 19 77 97
TUNNEL 1 1 3 18 0 0 2 2 1
TIN 5 31 0 18 3 3 2 19 17
TOUT 3 38 25 131 0 4 12 44 44
UNKNOWN 0 0 0 0 0 0 0 0 0
DEAD 0 0 0 0 0 0 0 0 0
NEW 741 2128 901 10,955 27 437 225 0 0
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Table 6
Component changes of sites from 2001 to 2002
2001 2002

MAIN ouT IN ISLANDS TUNNEL TIN TOUT UNKNOWN DEAD
MAIN 1209 315 105 39 1 8 4 132 148
ouT 896 1679 181 528 15 128 43 358 458
IN 231 96 281 188 1 22 16 127 277
ISLANDS 417 1346 714 5129 23 360 299 1052 3327
TUNNEL 11 15 3 4 1 2 0 8 4
TIN 78 214 24 127 2 65 5 57 74
TOUT 51 79 41 57 0 18 24 32 55
UNKNOWN 92 171 36 158 1 22 8 0 0
DEAD 0 0 0 0 0 0 0 0 822
NEW 1504 2434 2474 14,923 38 562 789 0 0
Table 7
Component changes of sites from 2002 to 2003
2002 2003

MAIN ouT IN ISLANDS TUNNEL TIN TOUT UNKNOWN DEAD
MAIN 2494 851 147 123 7 20 39 431 377
ouT 1006 2918 98 689 9 81 69 701 778
IN 674 322 910 481 6 15 196 449 806
ISLANDS 497 2314 796 9239 20 241 501 1780 5765
TUNNEL 20 31 1 7 0 0 3 11 9
TIN 102 512 28 182 10 49 15 141 148
TOUT 64 149 97 291 4 11 226 86 260
UNKNOWN 187 362 86 528 2 27 39 0 0
DEAD 0 0 0 0 0 0 0 0 5165
NEW 1972 2698 979 4090 24 308 341 0 0
Table 8
Component changes of sites from 2003 to 2004
2003 2004

MAIN ouT IN ISLANDS TUNNEL TIN TOUT UNKNOWN DEAD
MAIN 3671 1483 300 207 15 44 40 796 460
ouT 1010 5473 133 1108 26 167 132 1180 928
IN 412 231 593 755 11 47 99 488 506
ISLANDS 231 1799 337 7431 14 240 435 2518 2625
TUNNEL 6 21 0 15 4 3 8 15 10
TIN 39 226 17 180 2 77 11 103 97
TOUT 49 186 90 459 11 11 192 176 255
UNKNOWN 184 462 216 1116 1 53 78 0 593
DEAD 66 161 57 566 0 15 42 919 11,482
NEW 2417 3940 1817 12,869 39 457 920 0 0
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