Temporal characterization of therequeststo
Wikipedia

Antonio J. Reinoso, Jesus M. Gonzalez-Barahona, RociddziMansilla and
Israel Herraiz

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 to analyze the main differences and siitiéga 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 exanonati

The rest of the paper is structured as follows: first of all,describe the data
sources used in our analysis as well as the methodologyfetido conduct our
work. After this, we present our results and, finally, we présour conclusions and
propose some ideas for further work.

Thttp://stats.w kinedia.org/EN Sitenmap. ht m
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2 Thedata sources

This section aims to describe the information sources wawlin our study and
used as the main data feeding to perform our analysis. Thte 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&diundation Squid
servers in the form of log lines after serving the requestedent.

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 donta

2.1 The Wikimedia Foundation Squid subsystem

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

In this way, they can cache the contents browsed by a groupeséuo make them
available for further requests. This results in an impdrtéecrease 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 bgg#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 bahwb and database
servers placed behind them.

The Squid operation is based on web caching and, hencejntésldo avoid the
participation of the other database and web server systeoyerations for serving
requested contents. In this way, when a requested page ciuie 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 ideivery process.
Otherwise, the request is sent to the web servers which relbtine corresponding
HTML code and submit it to the Squid for its caching and findiv@ey to the user.

As the Wikimedia Foundation maintains several wiki-basegjgets, such us
Wikipedia, Wikiversity or Wikiquote, the Squid layers hatee deal with all the
traffic directed to these projects. As a part of their job, i8aystems do log in-
formation about every request they serve whether the qureing contents stem
from their caches or, on the contrary, are provided by the sezlers. In the end,
Squid systems register a log line with different kind of imf@tion for each served
request and these lines can be written to a file or sent to enptbcess through a
pipe as in the case of the Wikimedia Foundation.

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

The analysis presented here is based on a sample of the Wikirfeundation
Squid log lines corresponding to the entire year 2009. Thep$iag factor used has
been 7100, so this study has included the characterization of thefithe overall
traffic directed to all the projects maintained by the WikdizgeFoundation during
the whole year 2009. In general terms, more than 14,000omiliig lines have been
parsed and filtered for this study.

This analysis has focused just on the traffic directed to thepédia project and
to ensure that the study involved mature and highly actinguage editions, only
the requests corresponding to the ten most visited oneddesreconsidered. These
editions are the German, English, Spanish, French, Ital@manese, Dutch, Polish,
Portuguese and Russian ones.

Once the log lines from the Wikimedia Foundation Squid systdave been
received in our facilities and conveniently stored, thegdme ready to be analysed
by the tool developed for this aim: The WikiSquilter projethe analysis consists
on a characterization based on a parsing process to exieagtlevant elements of
information prior to a filtering one according to the studyedtives. As a result of
both processes, necessary data to conduct a charactariaeti obtained and stored
in a relational database for further analysis.

The lines received from the Wikimedia Foundation offer auahle information
source but they do not include specific information elementiescribe certain char-
acteristics of the corresponding requests. However, thkeseents can be obtained
from the URL embedded in each line which, therefore, has toensed looking for
specific data serving as characterization elements.

More in the detall, the application parser is devoted to rdeitee the following
information elements:

1. The Wikimedia Foundation project, such us Wikipedia, tikary or Wik-
iquote, to which the URL is directed.

. The corresponding language edition of the project.

. When the url requests an article, its namespace.

. The action (edit, submit, history review...) requestedhe user (if any).

. Ifthe URL corresponds to a search request, the searcpad to

. The title of every requested article or user page name.

OO0~ WN

The parsing process relies on the use of regular expredsioverifying whether
an URL, or a part of it, matches a given pattern. If so, its congmts can be ob-
tained using common functions for string manipulation. @& dther side, the filter
process consists in assessing whether an URL has to be emusisignificant for
our analysis according to its directives. This is acconmglisby checking whether
the information elements it contains, once parsed, hasibdaated to be filtered.

The application has been designed and developed accomlitige tprinciples
of efficiency, robustness and accuracy. However, flexjbéitd extensibility guide-
lines have been also strictly followed. Efficiency has beghieved through several
elements such as multithreaded design and filter's O(1) &ty derived of the
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use of hash tables. The application robustness has beeenmapted by URL mal-
formation detection and preprocessing to avoid non-apjatgpcharacters and has
allowed to rightly process all the log lines to be analyzddxibility makes the ap-
plication ready to be used with any sort of log files just sfy&ag in a XML log
files the elements to be parsed and filtered. The softwardectire of the appli-
cation allows to easily include new services that can eveolve new data to be
processed, so extensibility has been also considered.

4 Analysisand results

In the following we are presenting our most important resalbout the temporal
characterization of users’ requests submitted to WikipeHlirst of all, we analyze
if the traffic to Wikipedia can reliably model the overall fia to the Wikimedia
Foundation. After this, we compare the evolution of theed#ht types of requests
over time. Concerning this topic, we will present the difierpatterns 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.

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

Figure 1 presents the yearly evolution of the traffic dird¢tethe 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 sitbédaavior over time. The
decrease appreciated since November till the end of thdyedacumented iR and
is due to a problem in the reception of the UDP packets. Thatun 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,

2http://stats.w ki nedi a. or g/ EN Tabl esPageVi ewsMont hl y. ht m
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Temporal evolution of the traffic
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Wikipedia traffic can serve as model of the overall traffic ifiedent Wikimedia
Foundation projects.
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Evolution of the number of submit operations during the whole year 2009
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Fig. 3 Evolution of submits, edit requests and history reviews througB009.

4.2 Temporal evolution of the different types of requests to
Wikipedia

If we separate the requests to Wikipedia according to tlyeies, Figures 3 and 4
show how each one of them evolves throughout the entire Ya8%.2Ve are consid-
ering a visit to an article as its page request for readingveititbut 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 difieg between edit requests
and edit operations is that the first are issued when usédrglicis on the "edit” tab
placed on top of the articles’ pages whereas the latter arergted when users in-
dicate a write operation to the database to save their ckamgtheir 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 ratgipresent the different
revisions (edit operations) performed on an article’s enhand leading to its actual
version and state.

According to Figures 3 and 4, only those URLs involving \6siearches and
edit requests would exhibit temporal repetitive patte@sthe other hand, requests
consisting in edits (save operations), history reviewsubnsts for previewing con-
tents would not present such cyclical evolutions over tifrtes is likely due to the
fact that the requests exhibiting repetitive behaviorsespond to the most usual or
generalized types of requests that compose the traffic tgp@dia. The other kind
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Evolution of the number of visits across the year
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Fig. 4 Evolution of visits, edit operations and search requests ttnout2009.

of requests, on the contrary, have a more specialized dieamed because of this
they appear rarely in the traffic. As a result, the most comnegpuests follow the

same periodical evolution than the general traffic to Willipavhereas the rest of
requests show a more spurious behavior.

We undertake now the same analysis focusing on every whak diering 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
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 visitsedits 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 analysigure 6 presents
the evolution of both types of requests throughout the daylseoweek for all the
considered Wikipedias. Visits and edits, in each Wikipeati&tion, 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, Japaneseh@od Polish). That
could mean that, in those editions, editors are not partefjieat mass of people
visiting the articles but just a minor group devoted to citnoiie or to maintain them.
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5 Comparing the number and temporal evolution of the actions
requested to Wikipedia

Figures 7 and 8 present the monthly evolution of edit reqextit operations,
history, submit and search requests for the consideredp@slias. Although these
figures are very similar in scale, we have preferred to ptebem using a logarithm
scale in order to obtain more differentiated lines and, bymseof 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 eglijuests. As we can see,
edit requests are considerably higher in number than editadipns. This means
that an important number of edit requests are not finishechbycbrresponding
write request to the database. Moreover, edit (write) dieraare always very near
the submit ones, which means that most of users regulariyigovetheir changes
before indicating their permanent storing to the databasespect to the temporal
evolution, edit requests and searches, again, presetiveglasimilar evolutions as
visits are not considered in this examination.
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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.

6 Conclusions and further work

We can extract several conclusions after our efforts foradtarizing temporarily
the requests submitted to Wikipedia. First of all, we havexghhow temporal infor-
mation related to users’ requests can be obtained fromreg Btored by Wikimedia
Foundation’s Squid servers. Using this information we haegleled the variations
over time of the different kind of requests submitted by sger Wikipedia. Our
first finding was the fact that requests to Wikipedia templyranodel the overall
traffic to all the Wikimedia Foundation projects. Of courseas what we were ex-
pecting, as Wikipedia is, by far, the most trending projeeaintained by the Wiki-
media Foundation. However, we managed to obtain a high degfreorrelation
between Wikipedia’s traffic and the requests directed tthallWikimedia Founda-
tion projects. In addition, we have illustrated how dematod#/ikipedia consisting
in visits, searches and edit requests present repeatedtnsativer time as they are
the most generally solicited. On the other hand, submitstohy requests and edits
present a spurious and irregular nature because of their spesific character. In
relation to this topic, the size of the sample may be deteantias the low percent-
age of edits contained in it can prevent the observation diagl distribution. So,
further examinations should involve higher sampling fa¢toaccurately analyze
the presence of stationarity in the distribution over timhedits.
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Fig. 7 Monthly distribution of the different types of actions inféifent Wikipedias.
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Though the quantitative analysis of requests to Wikiped&y be considered
tangential to the main aim of this paper, we consider thatesobserved findings
in this area deserve to be mentioned. In this way, we have &lelento appreciate
how searches and edits are, respectively, the most andaberézjuested types of
actions. Interestingly, we have shown how there is a sigmificelevance between
the number of edit requests and the writes operation to ttebdsae that indicates
that edit requests are abandoned by users in a considerablyan of times. On the
other hand, edits and submit requests remains very similaninber, which means
that users usually exhibit the adequate habit of previewiranges before applying
them to be permanent.

In the future, we plan to add geolocation to the temporalattarization process.
In this way, a reference time plus the geographical posit@mnid better serve to de-
termine the habits of the different communities of usersmii@wsing Wikipedia.
Furthermore, a closer analysis of the evolution of the dffe types of requests will
allow to find more accurately defined relationships amongithe
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