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Abstract This paper presents an empirical study about the tempott@rpa char-
acterizing the requests submitted by users to Wikipedia. Sthdy is based on the
analysis of the log lines registered by the Wikimedia FotiodaSquid servers af-
ter having sent the appropriate content in response to’usegests. The analysis
has been conducted regarding the ten most visited editibiélipedia and has
involved more than 14,000 million log lines correspondiagdtte traffic of the en-
tire year 2009. The conducted methodology has mainly ctatsie the parsing and
filtering of users’ requests according to the study diresivAs a result, relevant
information fields have been finally stored in a database dosiptence and further
characterization. In thia way, we, first assessed, whetieetraffic to Wikipedia
could serve as a reliable estimator of the overall trafficltthe Wikimedia Foun-
dation projects. Our subsequent analysis of the tempoddlitons corresponding
to the different types of requests to Wikipedia revealedreting differences and
similarities among them that can be related to the useenttin to the Encyclope-
dia. In addition, we have performed separated charactenizaof each Wikipedia
edition to compare their respective evolutions over time.
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1 Introduction

Wikipedia continues to be an absolute success and stanks awst relevant wiki-
based platform. It provides a rich set of contents belontpreyery knowledge area
that are offered in different formats that range from textrtoltimedia resources.
In addition, the Wikipedia’s supporting paradigm, whichbigsed on individuals
collaboration and joint of efforts to produce and contrépieces of knowledge that
will remain available for the whole community. The consatidn of Wikipedia as
a reference tool and a platform for mass collaboration i®eset! by the increasing
number of visits to its portal. In fact, the Wikipedia doma@gmains within the six
most visited ones all over the Internet.

Wikipedia is divided in 268 editions corresponding each to a different language
and its overall relevance can be simply measured in termeohtimber of visits
it receives. Currently, the overall set of Wikipedias eaiis are receiving approxi-
mately 13,500 million visits a month. This constitutes asabte challenge in terms
of management of requests and content delivery. On the b#met, Wikipedia orga-
nizes the information it offers in encyclopedic entries coomly referred as articles.
At the moment of writing this paper, the different Wikipediditions add up to al-
most 18 million articles and this number does not stop grgwin

As a result of this relevance, Wikipedia has evolved intolgestt of increasing
interest for researchers [12]. In this way, quantitativareinations about its articles,
authors, visits or contributions have made part of diffestndies [11, 6, 3]. How-
ever, most of previous research involving Wikipedia is @ned with the quality
and reliability of its contents ([2, 1] or [7, 5, 4]) or focus the study of its growth
tendency and evolution [9, 8]. By contrast, very few studi8] have been devoted
to analyze the manner in which users interact and make usekibétlia.

Therefore, this paper presents an empirical study encasingaa temporal char-
acterization that may help to describe the evolution owveetdf users’ interactions
with Wikipedia. Furthermore, we will compare the resultsadbed for the different
editions in order the analyze the main differences and anitiés among them.

Our analysis focuses on the most relevant Wikipedia editiarterms of their
volumes of articles and number of traffic. In addition, theiqget of time consid-
ered correspond to a whole year (2009). Our main data sowm®sts in users’
requests to Wikipedia previously stored by special serdepdoyed to deal with the
incoming traffic. Information about each individual requiegegistered in the form
of a log line whose fields are processed by an ad-hoc develgpglitation. This
application filters the requests considered of interesbfmranalysis and stores its
information elements into a database for further exanonatiFor this study, more
than 14,000 million log lines have been parsed and filteredc@nsidering the in-
volved Wikipedia editions and the covered period of timegaih be thought as one
of the most thorough examination about the requests sudahiit\Wikipedia.

The rest of the paper is structured as follows: first of all,describe the data
sources used in our analysis as well as the methodologywfetido conduct our

Thttp://stats.w kinedia.org/EN Sitenmap. ht m
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work. After this, we present our results and, finally, we préour conclusions and
propose some ideas for further work.

2 Thedata sources

This section aims to describe the information sources ualin our study and
used as the main data feeding to perform our analysis. Tits tasWikipedia, in a
similar way to any other Internet site, are issued in the foftrdRLs sent from the
users’ browsers. These URL'’s are registered by the Wikim&dundation Squid
servers in the form of log lines after serving the requestedeant.

Therefore, the following sections present the princippkass related to how the
Squid log lines used in this analysis are registered, thayr to our storage systems
and the most important information elements that they dgonta

2.1 The Wikimedia Foundation Squid subsystem

Squid servers are usually used to perform web caching wgrkiproxy servers.

In this way, they can cache the contents browsed by a groupesfuio make them
available for further requests. This results in an impdrtdecrease of the band-
width consumption and in a more efficient use of the netwosgoueces. Further-

more, Squid servers may be used to speed up web servers bigg#uod contents

requested repeatedly to them. Under this approach, Squidrseare said to work

as reverse proxy servers because they try to reply to theveeceequests using the
cached contents, what reduces, if so, the workload of bahatb and database
servers placed behind them.

The Squid operation is based on web caching and, hencejitéldao avoid the
participation of the other database and web server systeoyerations for serving
requested contents. In this way, when a requested page chute on a Squid
server and it is up-to-date, the page is directly served filoenSquid and neither
the database server nor the web server have to be involvée idetivery process.
Otherwise, the request is sent to the web servers which relbtihe corresponding
HTML code and submit it to the Squid for its caching and findivé@ey to the user.

As the Wikimedia Foundation maintains several wiki-baseajgets, such us
Wikipedia, Wikiversity or Wikiquote, the Squid layers hat@ deal with all the
traffic directed to these projects. Currently, there arelarge Squid server clusters:
a primary cluster (located in Tampa, Florida) and anotheoiséary cluster (located
in Amsterdam) that only performs web caching. These Squedgess usually run
at a hit-rate of approximately 85% for text and 98% for medieng CARP (Cache
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Array Routing Protocolf. Users’ requests are firstly routed to one of the Squid
clusters using a DNS balancing policy.

As a part of their job, Squid systems do log information alewetry request they
serve whether the corresponding contents stem from thetireseor, on the contrary,
are provided by the web servers. In the end, Squid systenseaeg log line with
different kind of information for each served request aresthlines can be written
to a file or sent to another process through a pipe as in theafdke Wikimedia
Foundation.

Every Squid system deployed as a part of the Wikimedia Fdiodaerver ar-
chitecture puts its log lines into 1450-byte packets andis¢inem to a central ag-
gregator host. A program calladdp2l og is running there and is able to log the
received lines to several destinations which may includdiles as well as pipes to
other processes acting as log processors.| dg2udp program, in turns, sends a
UDP-packet stream made up of the lines to a set of destinhtists belonging to
different universities or research institutions as ouisaly, asysl og- ng client
running in our facilities receives the log lines and writeerh to a log file which is
daily rotated. Of course, we are not receiving all the logdigenerated by the Squid
servers, but just an 1/100 sample. In any case, log filegngttre traffic received
during a whole day, have an averaged size of 900 MB. and coatgiroximately
40 million log lines.

Each log line from a Wikimedia Squid server corresponds teraesl user re-
quest and constitute a really valuable feed because, anewega$ other informa-
tion, it includes the URLs submitted by the user along with ttate at witch the
corresponding content was sent in response.

3 Analysisand results

In the following we are presenting our most important resalbout the temporal
characterization of users’ requests submitted to WikipeHirst of all, we analyze
if the traffic to Wikipedia can reliably model the overall ffra to the Wikimedia
Foundation. After this, we compare the evolution of theatiht types of requests
over time. Concerning this topic, we will present the difetr patterns found, paying
special attention to the ones showing repetitive schentés.ekamination has been
specially conducted under a comparative approach to detenvhether or not the
same tendencies are maintained in every considered Wikigedtion. Finally, our
analysis allow to obtain valuable information about théosatorresponding to the
different types of requests that is also presented.

Zhtt p: // ww. nedwor ks. org/ mar k/ present ati ons/ san/ W ki medi a%20ar chi t ect ur e. pdf
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Temporal evolution of the traffic
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Fig. 1 Evolution of the traffic throughout 2009.

3.1 The traffic to Wikipedia as a model of the traffic to the
Wikimedia Foundation

Figure 1 presents the yearly evolution of the traffic dirddtethe aggregated set of
the editions of Wikipedia in order to compare it with the @letraffic directed to
all the projects maintained by the Wikimedia Foundationrébwer, Figure 1 also
plots the number of requests filtered after our analysis. Asan see, all three lines,
each in its corresponding scale, present a relative sirbéaavior over time. The
decrease appreciated since November till the end of thdyedacumented id and
is due to a problem in the reception of the UDP packets. Thatuin the number
of visits that appear in February, June, July and Octoberespond to the days
in which we were not able to receive and store the log linesiftbe Wikimedia
Foundation Squid systems due to technical problems refatedr system’s storage
capacity.

In order to examine more accurately the relationship betwibe traffic to
Wikipedia and to all the Wikimedia Foundation projects,¥g2 shows the correla-
tion between the daily measures of both traffics correspanidi the entire year. As
it is shown, there is a positive correlation between the tewgables so, effectively,
Wikipedia traffic can a serve as model of the overall traffidifferent Wikimedia
Foundation projects.

Shttp://stats.w ki nedia. org/ EN Tabl esPageVi ewsMont hl y. ht m
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Correlation between the traffic to all the Wikimedia Foundation projects and to Wikipedia

Pearson cor.= 0.779723261372551 p-value: 2.2e-16 8

2.50+07
I

2.0e+07

Traffic to Wikipedia

1.5e+07
I

1.0e+07
&

T T T T T T T
2.0e+07 2.5e+07 3.0e+07 3.5e+07 4.0e+07 4.5e+07 5.0e+07

Traffic to all the Wikimedia Foundation projects

Fig. 2 Correlation between the traffic to Wikipedia and to the wredeof Wikimedia Foundation
projects throughout 2009.

3.2 Temporal evolution of the different types of requests to
Wikipedia

If we separate the requests to Wikipedia according to tlypied, Figures 3 and 4
show how each one of them evolves throughout the entire \328.2Ve are consid-
ering a visit to an article as its page request for readingveitttbut involving any
other action. In turn, edit operations are intended as nuadifins over the content
of articles that are finally saved to the database. The diffez between edit requests
and edit operations is that the first are issued when userslicis on the "edit” tab
placed on top of the articles’ pages whereas the latter arergt=d when users in-
dicate a write operation to the database to save their chamgtheir contributed
contents. Submit operations are those directed to previewdsult of the modifi-
cations performed on the current content of an article oigblight the differences
introduced by a given edit operation in curse. History retmpresent the different
revisions (edit operations) performed on an article’s enh&ind leading to its actual
version and state.

According to 3 and 4, only those URLSs involving visits, séeg and edit re-
quests would exhibit temporal repetitive patterns. Otlypes$ of requests such as
edits (save operations), history reviews or submits fovipmeng changes would
present an irregular distribution over time.

We undertake now the same analysis focusing on every whak digring 2009.
The aim is to determine whether there are patterns involamgtype of requests
that are repeated along every week of the year. This is donexémple, in Figure 5
for the German, English, Spanish and French Wikipediass Thiser perspective
confirms the similar weekly evolution of visits, searched adit requests in contrast
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Fig. 5 Evolution of the different types of requests during every leheeek of 2009 (DE EN ES
FR).

to the spurious and irregular nature of the requests camgist edit operations,
history and submits.

We decided to undertake the study of the evolution of visits edits at the level
of the days of the week in the aim of finding a meaningful clessrbetween their
two temporal variations. As a result of such kind of analy§igure 6 presents
the evolution of both types of requests throughout the déylseoweek for all the
considered Wikipedias. Visits and edits, in each Wikipegtigtion, correspond to
the overall year and have been grouped by their day of issyezi§ure 6 presents
their compared progressions and shows a considerablynelesén the evolution of
both types of requests in several Wikipedias. Neverthgleesiumber of edits tends
to raise in weekends for a group of them (French, Japanesehad Polish). That
could mean that, in those editions, editors are not part@ftieat mass of people
visiting the articles but just a minor group devoted to citniie or to maintain them.

4 Comparing the number and temporal evolution of the actions
requested to Wikipedia

Figures 7 and 8 present the monthly evolution of edit reguestit operations,
history, submit and search requests for the consideredp@dlias. Although these
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Weekly number of visits and edit operations (DE) Weekly number of visits and edit operations (EN)
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Fig. 6 Evolution of visits and edits throughout the days of the weekhe different editions of
Wikipedia.

figures are very similar in scale, we have preferred to ptekem using a logarithm
scale in order to obtain more differentiated lines and, byamseof this, a higher
level of detail. As it can be observed from the chart, seapgrations are the most
numerous actions in all the Wikipedias followed by the eglifirests. As we can see,
edit requests are considerably higher in number than editadipns. This means
that an important number of edit requests are not finishechbycorresponding
write request to the database. Moreover, edit (write) dimraare always very near
the submit ones, which means that most of users regularijiguvetheir changes
before indicating their permanent storing to the datablasespect to the temporal
evolution, edit requests and searches, again, presetiveslasimilar evolutions as
visits are not considered in this examination.

5 Conclusions and further work

We can extract several conclusions after our efforts forattarizing temporarily
the requests submitted to Wikipedia. First of all, we havashhow requests com-
posing the traffic to Wikipedia can serve as a good model ®otrerall traffic to the
Wikimedia Foundation. This means that temporal variatiomslving Wikipedia re-
quests will have a proportionally scaled repercussionertriffic to all the Wikime-
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dia Foundation projects. In addition, we have illustrated/lemands to Wikipedia
consisting in visits, searches and edit requests pregeeated patterns over time as
they are the most generally solicited. On the other handn#udr history requests
and edits present a spurious and irregular nature becatiseiofost specific char-
acter. When paying attention to the quantitative aspectving the requests, we
have been able to appreciate how searches and edits amegtiesly, the most and
the least requested types of actions. Interestingly, we kaown how there is an
significant relevance between the number of edit requestsrenwrites operation
to the database that indicates that edit requests are atehdhy users in a con-
siderably number of times. On the other hand, edits and sulemiests remains
very similar in number, which means that users usually ektiile adequate habit
of previewing changes before applying them to be permanent.

Our future projects entail the addition of geolocation te tamporal characteri-
zation process. In this way, a reference time plus the gebgral position could
better serve to determine the habits of the different comtiesnof users when
browsing Wikipedia. Furthermore, a closer analysis of thalgion of the differ-
ent types of requests will allow to find more accurately defireationships among
them.
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