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Abstract In this study, among other findings, we observe that:
o The.comdomain attracts a large share of traffic from
This article describes a geographical study on the usagesefach engine, several countries.

focusing on the traffic details at the level of countries awdtments. The S ict | ld . TLD fl d
main objective is to understand from a geographic point @wihow the ~ * SOME generic top-level domains (gTLDs) are mostly use

needs of the users are satisfied, taking into account thergpbig location in the US, while others are used internationally.
of the host in which the search originates, and the host thatains the Web . Vanity TLDs, which are country-code top-level domains

page that was selected by the user in the answers. Our resoiitirm that .
the Web is a cultural mirror of society and shed light on theligit social (CCTLDS) used as if they were gTLDs, can be character-

network behind search. These results are also useful ag fophe design ized by the traffic they receive and generate.

of distributed search engines. « Different countries have different rates of local search
ducti traffic, in which the searcher and the clicked page are in

1. Introduction the same country.

The goals of this paper are three-fold. First, understandin « Countries in a similar geographic latitude or with a
how search engines are used from a geographic perspective similar human development index tend to have similar
is interesting on its own. For example, just confirming that traffic destinations.
linguistic or developmental factors are more importaninthaOur findings mostly confirm what we expected to find. That
geographical factors when studying inter-country sintijar is not strange, as today the Web is a mirror of society. Hence,
gives insight on how services on the Web should be designedr results are a confirmation of the geographical and alltur
Second, the search process can be seen as an implicit souvigtor, while in [3] we had an indication of the economical
network (e.g. people is related to people that search simifairror.
things [1]) and the geographical user behavior gives inferm The next section describes recent related work on this topic
tion about this social network and how society is reflected ésection 3 introduces the experimental framework we use.
the Web. Third, the search traffic among countries is intergs Section 4 presents our results for Generic Top-Level Dosain
for the development of distributed search engines. Ingaei, (9TLDs) and Section 5 our main findings for Country-Code
the fraction of queries and clicked result pages that aral locTop-Level Domains (ccTLDs). Section 6 analyzes the interna
gives information on where to locate a node in a distributeg¢arch traffic at the country and continent level and Sedtion
search architecture. Moreover, finding similar countriesfa the traffic that crosses country and continent level. Fnétie
search perspective, enables a better design of the hiaalchast section presents some concluding remarks.
organization of such a distributed architecture.

We analyzed data extracted from a sample query log frofa Related Work
different points of view. The main objective is to descritmvh ~ Understanding the underlying relation between Web struc-
users behave, based on their location and the clicked URute and geographical features is an interesting reseaoth p
and test a set of hypotheses using the data obtained. TBR® that has been studied recently. With some exceptionst mo
analysis represents from where a user need comes and witérthe previous research on geographical aspects of the Web
it is resolved, so in particular, implies traffic of infornm focuses on the contents and link of pages. Instead we look for
and transactions. So the geographical life of search isegtta  insights on the interest of the Web users rather than on the
the geographical life of information, which is part of thesisd ~ Structural linkage between the Web contents.
life of information [2]. In fact, this implicit social netwé is Usage analysisSeveral works have studied the relationship
related to the Internet social network at large. between the query terms and the geographic location of

Our study addresses the goals above from the perspectigers. Jansen and Spink [4] made an extensive study on the
of a particular search engine, Yahoo!. Hence, the resufisaracteristics of Web usage of users in United States and
concerning the first goal are biased to the coverage ancctratfiurope. They observed different behaviors between the US
of such search engine. Nevertheless, these results adeforli users and the European users, particularly in the way of
our second goal of understanding the social network behisttucturing the query terms.
search. On the other hand, the results on the second goal ar& study based on the most frequent geographic query terms
an important piece of what a given search engine needsused in Web search engines is presented by Sanderson and
migrate from a centralized replicated architecture to & truHan [5]. They observed that geography related terms are
distributed one. among the most frequently repeated words.



Gan et al. [6] investigated queries that use geographiadlthe Domain Name System (DNS)[13]. This structure was
terms to obtain location-specific results. Their resultswedtd designed as a hierarchy of names where the upper level
that geographical queriegéoquerieltend to have more terms consists of a set ofop-level DomaingTLD). The top-level
and geographical granularity (country, state, city) issely domains can be separated into two main gro@usintry-code
related to the terms used. They also analyzed how differdop-level domaingccTLD), and Generic top-level domains
types of geoqueries were related to certain top-level dosnai(gTLD). The ccTLDs are a set of two letter country codes

Another approach has been used to try to determine thgsociated to each country according to ISO 3166-1[14]ewhi
location of the users based on the query terms submittedthe gTLDs are a set of general-purpose domains sucleds,

a search engine. Backstrom et al. [7] defined a probabilisticom . net, . or g, etc.

model that permits to infer the geographical center of argive In this paper the statistical median of a variahleis
search query based on a Web query log. This permits to uppresented byz, its standard deviation by, and H(x)
derstand the scope of a given query and study its geogrdphiegpresents the entropy of variable

variation along time. Their study is fine-grained in termatth 3.1. Traffic Graphs

it points to specific geographical locations, while we aggte h fi . dd .
the search traffic on the country and continent level. To represent the traffic among countries and domains we

Previous work was also done by Wang et al. [8] to determint&® tWO_WPeS _Of graphs. meain traffic' graphs are bi-partite
the “dominant location” of a given query. Based on the sear@aphs indicating the fraction of all clicks from searchers

results and query logs, they are able to associate a gedgahp qca_lltec_i in-a chountry t(:j_URLSd Iocatﬁd Ir:‘l do_mamhs.l Country
position to location-specific queries. similarity graphs are undirected graphs reflecting thelaiity

. . . between two countries in terms of their traffic destinations
Hyperlink analysis. To understand the main features of Weh

structure at a hyperlink level, several studies have bee® doCountry-domaln wraffic graphs. To represent the traffic

over different samples of the Web. The analysis done ﬁ%)served by the sear(_:h engine_, we use agountry-domain graph
Broder et al. [9] of a Web crawl permitted to identify theF ch as th? or:j%;j?)gtegllnglglﬁre %Ths gré{;& (v, E)
macro elements of the Web structure, as well as charactgriz a}s asetofnodels = CUCTUD whereC'Is a set of countries,
the in- and out-degree distribution of the Web pages. Baez%— the corresponding set of ccTLDs for those countries, and
. L ,
Yates et al. [10] made a characterization of national domaiP a set of'gTLDs. There' Is a bijection: ¢’ — C.fro.m ea}ch
by comparing 12 Web studies, covering 24 countries. Th untry to its corresponding ccTLD. The graph is bipartitd a
) . . /

observed that the distribution of link-based metrics ane d&'c S€t OT edges i € C x (C"U D). . .
grees was consistent among the different countries. Atey, t A rtnat(rjlx Wivix|v) r:eprrelzsents'th;] numbelzjr of ?“C'I!(Skmbthe
compared the results with cultural, linguistic, and ecojwam CcCUNTy-domain graph, where;; 15 the humber of Clicks by
indicators users in the country € C on documents in the domain

Bharat et al. [11] present a study of the structural Iinkag7e6 C U D. This traffic !3|ncom|ngfor the domamyz and
between Web hosts, based on three datasets from 1999, 28&??_0|ng fqr the country:. .A" the countries generatmg the
and 2001. They observed that there is a high geographigﬁ Illct;lecglved .by ?hd:)malm aret c?r!le? tharaffic sr?turce?;f
correlation between the link structure of hosts, followed bg ?f' de tpm?ms fq Ir:ec?r:ve raffic from a (_:otu yre i €
linguistic factors. Another important observation is tlzdk raflic destinationsot z. Furthermore, we hametra-country

host have the majority of links to other hosts within the san{ga" the .trafnc from country; to Its corresponding ’domaln
domain. c(i), and inter-country to the traffic from a country; to a

Based on the hostgraph of different countries, Baeza-Yaf& mainc(j) Vj # i.
H H H H = Count Top Level Domain
anc_zl _C_ast|llo [3] studleo_l the relatlor_wsh|p between comnagérci % o P intra-country: {1}
activities among countries and the link structure betwesstsh 5
They were able to observe a correlation between imports and

exports of the given countries and the number of links betwee 20

inter-country:{es, e3, es }
outgoing(A): {e1, e3, eq }

Country-code

O .com incoming(.aa){e1, e2}
the hOStS Of eaCh Country-COde TLDS O .edu Generic SOUI’CQS(.&&){A,B}
Content Analysis. Another approach is using the contents of Qe destinations(B){.aa}

the Web pages to determine the geographical structure of the
Web. Silva et al. [12] combine the geographical informatiohig. 1. Example of incoming and outgoing traffic in the bipartite
extracted from the Web pages, during the crawling phagaph.

with a graph-like structure to finq Iocatioqs. They found a By aggregating the countries ifi into their corresponding
correlation between the geographical location of a Web paggniinents, we can definecantinent-domain grapthat shows

and the pages being linked by it. the traffic between continents and domains. The definitions
] used for the country-domain graph can be extended trivially
3. Experimental Framework to this graph.

In this work, host refers to the unique name assigned t@ountry similarity graphs Based on the traffic information,
a server connected to the Internet, according to the steictit is possible to define a similarity function between two



countries (or continents) using the common domains clickede used to calculate the correlation between them and the
by the users, and createcauntry-similaritygraph. traffic similarity of countries.

We can define aountry-similarity function between the For the mapping from countries to ccTLDs we followed
countries, based on the traffic information found in the matriISO 3166-1 plus a few exceptions as sometimes the country
W. For each countryi, we normalize their outgoing traffic and the domain does not match in an strict sense, but in
(w;), such that), w;, = 1. Finally, we define the country- practice they do match in their usage. One example is Great
similarity of two countries: and j as the cosine of their Britain where most people use thetk domain and not the
normalized outgoing traffiev; andw; . . gb domain.

This definition can be extended to create #mntinent-  To associate each country to a continent, we used the
similarity graph where each node corresponds to a continemommonly adopted definition of 7 continents: Antarctica JAC
and the similarity is based on the aggregated traffic of ti¥frica (AF), Asia (AS), Europe (EU), North America (NA),
countries belonging to the continent. Oceania (OC), and South America (3ANotice that as the
country domain of the main country in the Internet (US) is not
used (.us), the US does not appear in many of the results. We

Our base data is a large uniform sample of the Yahoo! seajglan to extend this study using the geolocation of the URL
engine in early 2008. This is a log of all the actions of a s&b include the US. Also we can precise better the origin of
of users in the search engine during a certain period of tim@e search using the geolocation of the searcher, althcgh t
essentially, thegueriesusers submit and thelicks on URLsS person can be a tourist and hence this assumption breaks down
in the result sets. Our sample contains the query, useridocatSo, for now we are assuming that the starting point of the
(at country level), imestamp, and clicked URL of the requesearch is a good proxy for the location of the searcher. In the
submitted by the user, among other attributes. Since we wesgles that come later, we will refer to the continents using
interested in analyzing the domains clicked by the user, weir abbreviation.
filtered the URLs that were identified only by an IP address
and had no corresponding domain name associated to them. .

The main reason fF())r thisgﬁltering was because we are a?sl(') Generic TLDs
looking for the relationship between the ccTLD of a URL |n this section we study the traffic and location of Generic
and the location of the hosting server, hence the IP aloneTisDs (gTLD). This analysis can help to understand how

insufficient information for our study. people actually use these domains.
As a result, we obtained a set of 840M clicked queries.

Additionally, each clicked URL was parsed to extract thé-1. Traffic to the .com Domain

corresponding top-level-domain. To filter out noise front ou The. comdomain stands out in our dataset as the most used

observatlons,_we eliminated thater-countrytraffic that WaS  4omain for hosts and the one that receives the larger share of
below a certain threshold and corresponded to very feWS:I'leraffic, hence making it interesting to analyze separately.

This threshold was obtained by analyzing the cumulatlveAnalyzing the traffic sources of com we observed that

traffic from each ¢ ountry to other countries and dlscard'r{ﬂere are 175 countries (of a total of 232) that have clicks to
the last 0.01% of it. :
the . comdomain.

3.3. Geolocating Hosts We observe that most countries have at least 2/3 of their

From the 840M clicked URLS obtained from the query Iogjraffic to. comand even the countries where searchers click
we extracted a list of the most frequent unique hosts, anéem ﬁstshonda cqmdomaln, have more than 45% of their traffic
a DNS-lookup on each of them to obtain the IP address of tfﬂe IS domain.

server hosting the site. After discarding the hosts thalccoat

3.2. Query Log Processing

Also, we can observe that, although most of the countries

be DNS-resolved, we obtained 759,153 unique hosts, whé&id/€ the majority of their traffic to thecomdomain, only a
593,433 hosts belonged to a gTLD and 165,720 hosts belond@¥ ©f them are a relevant traffic source for this domain. We
to a ccTLD. can observe that thecom domain is mainly influenced by

Next, using the IPligence [15] database, each IP addr&&¢intries in North America, Middle East, South East Asial an
was mapped to the country were its server is located. part of Europe. Only 12 countries contribute individuallpnma
than 0.5% of the total incoming traffic tocom United States,

3.4. Country Information Philippines, Malaysia, India, Spain, Canada, Great Brijtai

We analyzed possible relations between the traffic amoh}?donesia, United Arab Emirates, Egypt, Romania, and Iran.
countries and their corresponding demographic informatigMany of the countries in this list have a significant percgeta
For doing this, we extracted 24 features for each countmy fra®f - Comhosts in their own country, such as Canada, Spain or
The CIA World Factbook and the UN Human Developmer{{"3 UK.

Report 2007/2008. They correspond to statistical data asch 1. We include Central America and the Caribe in North AmerichisT

population, firea’ life expectancy, etc; sources and a ‘mmplwould not be necessary in the European tradition of 6 continevhere
list of them is presented after the references. These atiisb America is just one continent.



highly concentrated than others. For instanaggv and. edu
have an entropy close to zero meaning that basically all of
them are hosted in only one country. The hosts. b z,
.net, and. m | are more spread geographically; Figure 3
shows the cumulative distribution of countries hostinghealc
the gTLDs.

Cumulative Distribution of Countries Hosting a gTLD

(a) Country-level (b) Continent-level

Fig. 2. Domains with significant traffic from each (a) country

Cumulative Frequency

0.75 s biz ——
and (b) continent; only gTLDs. - x
) 07 ~ ‘gov & |
4.2. Traffic to other gTLDs oss|’ s
Figure 2(a) (graph created usidgNG?) presents the traffic os m .

to gTLDs from their largest traffic source. We filtered thegira umber of Countries

to include only countries that individually contributedle&st  Fig. 3. cumulative frequency of countries hosting gTLDs.

1% of the total incoming traffic to the gTLD. We can observe _ ) o _

that the traffic to the largest gTLDs (i.e.com . edu, . net , A posyble expl_anatlon for this is that the first group of

.org, and. bi z) is generated from United States, Malaysiglomains were designed to host governmental, educatiamal, a

Philippines, Romania, India, Spain, and Egypt. Some gTL|5@I|t§1ry_ sites, and _the registration entities have esmd

receive almost all their visits only from very few domainsfestrictions on the sites that can apply for one of these dmna

. coop, . nane, and. aer o are only reached by searcherdwith few legacy exceptions). Since these domains geryerall

from United States: bi z and. i nf o from Asian countries Need to be associated to their corresponding country, this

and Romania. A different distribution is observed in the | division has been commonly moved to a secondary domain

domain that is reached by searchers from the United State8,a cCTLD (e.g.. gov. uk, . gc. ca, gob. cl). The rest

Japan, South Korea, Irak, and Germany. This can be due®fothe gTLDs were designed to host sites that do not need

the location of US military bases in Asia and Europe. to be associated necessarily to a particular country but to a
We compared the traffic from each continent to the gTLDQ,roader area of use, hence the distribution into countses i

also considering only the traffic that represented at le¥#sofl €SS concentrated.

the traffic destinations for each continent. This is repnes

in Figure 2(b). We can observe that for all the continents= Location of Servers and Country TLDs

large share of their clicks goes to theom . edu, . org,  This section focuses on the analysis of the relationship be-
- gov, and. net domains. The aer o and. coop domains tyeen the geographical location (in the following geoltmat
are mostly interesting to searchers from North America .onlyy location) of the server hosting a domain and the country-

4.3. Which Countries Host gTLDs? code top-level domain (ccTLD) used to identify the server.
Most of the hosts in the gTLDs are hosted in the United.1. How can We Characterize “Vanity” TLDs?

States. We analyzed the distribution of the countries inctvhi According to [13], the main purpose of a ccTLD is to group
the hosts corresponding to each gTLD are located. We Sh%ether the domains of a country, while gTLDs should be

the entropy {1 (x)) of this distribution in Table 1. used to group together domains based on a general category
gTLD | H(z) | Top-1 | Top-2 | Top-3 | Top-4 of organizations. However, some ccTLD are used as gTLDs
.info 2.21 0.61 0.11 0.08 0.06 H : ot :
et 197 | o7 009 | o0o0al o003 due_to commercial or phonetic characteristics of their cc_)de
.biz | 185 | 0.70 0.09 | 005 | 005 For instance, thet v (Tuvalu),. f m(Federated States of Mi-
-com | 157\ 077 0.071 004 003 cronesia), or. am (Armenia) domains are used by companies
.org 1.52 0.78 0.08 0.03 0.03 y 2 G - y P
il 0.93 | 0.82 011 | 004 | 001 related to television and radio. These type of country-code
. gov 0.30 0.96 0.03 | <0.01 | <0.01 H
odu | 026 | 08 | <001 | <001 | <oor TLDs are referred as ®anity ccTLD

Vanity ccTLD are clearly outliers with respect to several
statistical properties. First, they easily stand out wieerking
at therelation between outgoing and incoming traffic.
Vanity score. We define thevanity score vanity(j) of a
Most gTLD domains are concentrated in the United Stategquntry-code domair as:
which is the Top-1 column of Table 1, but some are moreanity(j) = 1— Z We—1(j),k/ Z We—1 (k). , Wherec™1(5)

TABLE 1. Entropy of the location of the countries hosting a
gTLD and the percentage of their top-4 countries.

kec’ kec’
2. http://jung.sourceforge.net/ recovers the country of the domain ccTLDWe can observe



Domain - Country (Cont.) Score Domain - Country (Cont.)| Prob. Ratio of Internal Destinations Histogram

.tv Tuvalu OC | ~1.00 . bz Belize NA 0.01

. cc Cocos Islands OC| ~1.00 . f mMicronesia ocC 0.01

. nu Niue OoC | ~1.00 .l aLaos AS 0.04 R ~

. s Montserrat NA | ~1.00 || .li Liechtenstein EU | 0.07 § H

. ws Western Samoa 0g ~1.00 || .ag Antigua NA 0.08 H H

.tk Tokelau ocC 0.99 . ug Uganda AF 0.09

. t mTurkmenistan AS 0.99 . ws Western Samoa OC | 0.09

- f mMicronesia ocC 0.99 : E?Armelnig h EU 0.11 0 01 02 03 08 09 1 © 0 01 02 03 04 05 06 07 08 09 1

.t o Tonga ocC 0.98 . Banglades| AS | 0.11 " Ratio o Inernal Destinations. Internal Sources Ratio

. sh Saint Helena AF 0.98 . mu Mauritius AF 0.15 L

. st Sao Tome & Principe AF|  0.96 || . bi Burundi AF | 017 (@) Internal-destinations (b) Internal-sources
(a) Vanity Score (b) Prob. ccTLD hosted same country

Fig. 4. Histograms of (a) internal destinations ratio of countries,
TABLE 2. (a) ccTLDs with Vanity score > 0.95. (b) ccTLDs in  and (b) the internal-sources ratio of domains.

which less than 20% of the sites are hosted in the There are few countries where more than 1/2 of their traffic
corresponding country. (to a ccTLD) is directed to their corresponding country. frhe
are shown in Table 3. Apart from countries belonging to the
that if vanity(j) is high, it may indicate that the domain isBritish Commonwealth (Great Britain, Australia, Canadad a
being used as a vanity ccTLD, since the outgoing traffic igew Zealand), the others have a high internal-destinations

insignificant compared to its incoming traffic. We observeghtio possibly because of linguistic considerations.
a clear separation atanity > 0.9, which might indicate a

. . . . Country (Cont. Ratio Domain (Cont. Ratio
behavioral difference of the domains. As shown in Table 2, Brazi a sA) 082 || .ny Malays?a )AS 0.94
these domains can have alternative uses due to its similarit Vietham  AS | 0.81 || .ro Romania  EU| 0.89

.. . . Poland EU | 0.79 . us United States NA| 0.89
to an abbreviation.(t v, . f m . ws, etc.), its phonetics. (u, Romania EU| 078 |l ir Iran AS | 085
.t o, etc.), they offer free hosting in exchange of displaying Great Britain EU | 0.77 || . vn Vietham  AS | 0.81

. . . Malaysia AS | 0.75 . dz Algeria AF | 0.80
advertisement on the hosted sites (e.gk), or the domain Hungary ~ EU | 0.73 || .id Indonesia  AS | 0.78
belongs to a country with low population, hence having many Australia_ OC | 0.72 || . ph Philippines ~AS | 0.76

. Russian Fed. EU| 0.72 . pr Puerto Rico NA | 0.72
names available (e.g.ns). Denmark EU | 0.71 || .ge Georgia EU | 0.72
For each country, we analyzed the probability that a ccTLD (@) Internal-destinations (b) Internal-sources
site is hosted in the same country as the one described by TABLE 3. (a) Countries with high internal-destinations ratio.
cCcTLD. We observed that the probability was non-uniform and (b) Domains with high internal-sources ratio.

tends to be close to one (median of 0.66), while there exists

a group of ccTLD where very few of their hosted sites are o )
located in their corresponding country. This may indicatatt \We can also observe from this list that the geographical
they are being used as vanity ccTLDs. Table 2(b) presentgigt.ribution of the goulntries with high internal-destioarts ra-

list of the domains where less than 20% of the clicked sites di© iS not equally distributed. For this reason, we separéte
located in their corresponding country, in some cases lseca@nalysis into continents, this is shown in Table 4. Threeipso

of vanity domains with an easy to identify abbreviation (e.%""n be identified: countries in Oceania (basically Ausdjali
.am . ws, or.fm), and in other cases because of a lessBAve a high internal-destinations rati® & 65%); Europe,

Africa and North America have a low rati@ = 25%).
6. The Internal Search Traffic of a Country 6.2. Ratio of Traffic from Internal Sources

In this ;ectlop we analyze thaternal search trgfﬂcwsns Another important characteristic is the converse of intra-
to pages in which both the searcher and the clicked page %(r)%ntry clicks, from the point of view of sitesatio of
in the same country. ' ’

We divide this analysis into two parts: first we analyze th|nternal—source33f a country. This is defined as the probability

- . , N fhat a visitor to a host in a ccTLD is located in the same ccTLD
visitors from a country and their search traffic destinatjand he h
then the hosts of a country and their search traffic sourcesas ¢ © ost. . . .
" A high ratio of internal-sources may indicate that the

6.1. Ratio of Traffic to Internal Destinations contents of the Web pages of that domain are of interest,
We define theatio of internal destinationgr;) of a country mainly, to their nationals. Thimternal-sources ratidg;) of a

as the probability that a user, after submitting a quergkslon domainj is defined ag;; = wc_l(jm/z Whj-

a site of its corresponding ccTLD, given that he/she hagetic ) _ keC )

on a ccTLD. The internal-destinations ratio of a countrig Figure 4(b? shc_)ws an histogram of the internal-sourcee rati

defined asr; = w; C(i)/z Wi e of the domains in the query log and Table 3 presents a list

' Pyers? ' of the countries with the highest ratio (greater than 0.7¢. W

Figure 4(a) presents an histogram of the distribution of trean observe thatny (Malaysia),. r o (Romania), and us

internal-destinations ratio for all the countries in thegulog (United States) domains are visited almost exclusivel\4p0

file. We can observe that most of the countries have a ratiolmf people in their corresponding countries. Also, most ef th

less than 1/2. countries that have hosts that depend heavily on the traffic



Continent z o Continent z o R @ France ) )
1. Asia 0.55 | 0.25 1. Oceania 0.67 | 0.23 @ south Africa Pasaisanil Herzegoving
2. Africa 050 | 0.21 2. Europe 051 | 0.17 B o repuii
3. North America | 0.43 | 0.21 3. South America| 0.42 | 0.19 X
4. Europe 0.33 | 0.20 || 4. Asia 0.37 | 0.21 Bserbia and Montenegro \ \.
5. South America| 0.33 | 0.09 || 5. North America | 0.27 | 0.15 @ vugosiavia funisia Eroiiatidisita
6. Oceania 0.15 | 0.20 6. Africa 0.25 | 0.17
(a) Internal-referrals (b) Internal-destinations ’\ Czech Republic
M azerbaijan Remania
TABLE 4. (a) Median values of internal-referrals ratio. kt \‘ \ /le
(b) Internal-destinations ratio, sorted by continents. \\ \ \ Beyprus /
‘|‘ ‘\\. \ /
from their nationals are located in Asia, most probably due t T T /
particular languages. S United Kingdom
By separating the analysis into continents, as shown in \-G g
Table 4, we can identify three groups. Hosts in Asia, Africa, _— Hirena

and North America have a high ratio of internal-sources Great Brtain
(m'ed|a~nx ~ 50%); Europe and _SOUth Amgnca have med'u,n&ig. 5. Main groups of domains with significant traffic from each
ratio (z ~ 30%); and Oceania (Australia) has low ratlocountry (without gTLDSs).

(z ~ 15%). As observed in Table 3, Asia concentrates the

largest number of domains whose main traffic originates from[ Country - Continent| Entropy Country - Continent Entropy

H i i H Iraq AS 4.67 Moldova, Republic of EU| 2.87
their corresponding country (Ianggague issues again). Eoo Timor AS Pt Usbekiotan as| 279
In general, there seems to be little correlation between the crenada nNA 4.17 Vatican City EU | 2.77
H _ H H H i Lebanon AS 4.17 Kazakhstan AS| 2.74
!nternal destlnatlons_ ratio for V|s_|t0rs of a country, atick Ataretica AG 413 Bolartis 0| 292
internal-sources ratio for hosts in that country. In fatie t Nepal AS 4.12 Ukraine EU| 271
i i i i Afghanistan AS 4.09 Kyrgyzstan AS | 2.70
fract!on of _outgo!ng traff_lc that_ stays in t_hg counFry, ané th i e AE 408 Tajikietan as | 563
fraction of incoming traffic to sites that originates in thense Ivory Coast AF 4.08 Azerbaijan AS | 2.63
country seem to be mostly independent. Maldives ~ AS 4.07 Slovak Republic EU| 2.61
! (a) Sources entropy (b) Destinations entropy

7_ Traf'nc among Contlnents and Countrles TABLE 5. List of tOp-lO countries (+Antarctica) with the most

This section analyzes the traffic among different countries diverse traffic sources/destinations.

This can help to understand which countries have major . . . . . .
influence on other countries, as well as understanding Whiﬁg\rﬁ\fasrt:éjdilr?tdemgl?sgzil?etlsonTVr\:g?etZiirsatgoaﬁf ilrr:\t/irrrs]zl_ﬁ;
countries share common interests. s . .
] ) (p = —0.772) between the incoming traffic entropy and the
7.1. The Traffic Among Countries internal-referrals ratio, as shown in Figure 6(b). Natyral
We first studied country-level domains with a large share @fhenever a country-code domain has a narrow set of traffic
traffic from another country. Figure 5 presents those c@sitr sources, the country itself is one of the most important agnon
among which the two most important ones are thek those sources.
(United Kingdom) and. ru (Russian Federation). This ca
be explained mainly by historic and linguistic relationshi
between those countries and the countries that contriloute t By aggregating the countries into their continents, it is
their traffic. possible to find relations at a broader level.
For this analysis, we only considered the domains thatFigure 7 shows the most visited ccTLDs from each conti-
represented at least 4% of the external outgoing traffic BENt. We considered only the traffic that represented at leas
each country and for visualization purposes, we omitted 830 of the traffic destinations for each continent. Interegyj,

7.2. The Traffic among Continents

countries that only had intra-country links. the resulting figure is a tree, even when it was drawn without
We also studied the entropy of the sources and destirfetther pruning.

tions of the traffic for all countries. A country with high — , =™ resmmess, T e o P

destinations-entropy indicates that people from a giveamty “ . ' ol

are interested in the contents of pages from multiple domaing * - SR

A country with high sources-entropy indicates that the entst £ * E o ;

of the sites hosted in the corresponding domain are of istere R s o

to people in multiple countries. We considered only ccTLDs i o e ot

this analysis. Table 5 shows the countries with highestcsasar S e ey S e e i P

and destinations-entropy, respectively. We can obserag th () Entropy-destination (b) Entropy-traffic

Asian and European countries have the most diversifieddraffi

Figure 6(a) presents a scatter plot of the relation betwieen £ig. 6. Scatter plot of (a) entropy of destinations and sources of
destinations- and sources- entropy. There is a weak ctiorla traffic for each country, and (b) entropy of traffic-sources versus
between these variableg £ 0.241). the ratio of internal-sources for each country.
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PO /(m L/ Fig. 9. Similarity between continents.
/ \ be explained by a combination of linguistic and geographic
./ N / \. characteristics: family of Indo-European language (Féga),
Colombia Brazil South AR Egypt

French speakers (Figure 8b), Dutch speakers (Figure 8c),
Fig. 7. Domains with significant traffic from each continent SWazi speakers (Figure 8d), Tetum speakers (Figure 8e), and
(without gTLDs). English speakers (Figures 8f).
We can observe that theuk (United Kingdom) domain is There are many p_osgible features (cha_r acteristics) ﬂ.m_t ca
frequently visited from Europe, Oceania, and Africa. Sougelp explain the similarity between countries. Our analysi

America has its traffic sources more diversified into severafS€d On Fhe demographm features presented in S_ectlon 3.4.
domains, while the rest of the continents have their sourchd determlne which of these features could describe better

concentrated in few domains. Another important observatid€ relation between countries, we udeaplacian Eigenmaps

is how Spanish sites €s) have a greater influence in South pver the country-similarity grapl-.
America, where most of its former colonies are, than in The feature that better describes the graph is the one that

Europe. minimizes the difference between values along edges in the
L country-similarity graph. For each feature, we define aarect
7.3. Traffic Similarity x, wherez; represents the corresponding feature of the country
Another type of usage analysis can be done by finding the € G. As defined previouslyw;; represents the similarity
similarity between two geographical regions based on thédietween the countries; and c;, so the idea is to find the
traffic destinations. This analysis can be made at differefe@aturex that minimizes:LE(z) = >, ; wi;(w; —zj)?
granularity levels (country, continent) to identify pddsi The latter can be calculated over the graph structure using
groups of regions that show similar traffic patterns. matrix operations. We calculate the Laplacian of the graph,
Country similarity. Figure 8 presents a force-directed graplh = D — A, where A is the similarity matrix, andD is
of the most similar countries, based on the similarity ofithethe diagonal matrixdiag(A x 1,x1), i.e. Dy = Zj wij.
traffic destinations. First, we defined a vectorial spacer&h€Then, LE(z) can be determined by E(z) = 2 Lz . In our
each axis corresponds to a ccTLD, and a country can aealysis, each vector was standardized to a normal distibu
represented in this space, based on their relative traffibeo with £ = 0 ando = 1.
ccTLDs. Next, we computed similarities between the coestri  When sorting the list of features by the value of their Lapla-
as we explained in 3.1. The graph was filtered out to only shasan, we have that the top features are (1) oil consumption,

the edges where the similarity is larger than 0.95. (2) latitude of the center of the country, (3) HDI, (4) number
s AME,, of mobile telephones, and (5) total area. This analysis show
that the features that better explains the graph are the ones
() ' @ that represent the current quality of life of the people (HDI
r\ country’s wealth (oil consumption and number of mobile
W avoie phones), as well as some geographical features intrinsic to

the country (latitude and area).

Continent similarity. Analogous to the similarity between
countries, we calculated the similarity among continents,
shown in the World map in Figure 9. We can observe a tightly
| related group of continents (Europe, North America, Africa

D saint Kitts and Nevis {

Suriname

Netherlands

Indonesia ‘{ and Asia), meaning the users located in these continenits vis
./":i‘ﬁ“j\ ot similar domains, while Oceania and South America are farthe
e () apart from this cluster of continents.

“@ swaziland \o
Timor-Leste

8. Geographic Dynamics
Fig. 8. Similar countries (sim > 0.95).

To further understand how user behavior changes along
We can identify 6 different clusters of countries, wheréme, we made a similar analysis using a sample query log
half of them have 4 or more countries. These clusters cahYahoo! from the year 2005.
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