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T, . .M Motivation

nnnnnnnnn

» Extraordinary growth of information in the WWW

* Online documents increasingly become the major
source for creating high quality corpora

 Amount of data + technologies that make the
information conveniently available — crawling and
processing becomes hard

* Researchers often rely on data provided by companies
specialized in crawling the web

» Googleology has its limitations or ,is bad science”



L " . Focus of this talk

nnnnnnnnn

* Creating corpora from the web

- with little effort
* using only freely available, open-source software

* Data processing executed in a highly distributed
environment (Hadoop)
— parallel - very good scalabillity

* Researchers are able to create large-scale high
quality corpora for their own needs



L “ Existing Web corpora projects

*\WWaCky

COW

Leipzig Corpora Collection

Common crawl (very comprehensive)




T, . ™ Contributions

ooooooooo

a) Comprehensiveness for low-resourced languages -
minimal effort by crawling entire TLDs

b) Generic, easy to use, fast and distributed processing
pipeline for automatic corpus creation and annotations

c) Availability of the entire processing chain as open-source
software components — partially provided by us




I, . .M Crawling - Heritrix

oooooooo gy

* Open-source, web-scale crawler of the Internet Archive
* Output: standard Warc file format

» Compared with other crawling software (wget, HT Track, or
Nutch), it offers several general advantages:

- Easy to use

 Versatile tool, many options to configure crawling behavior
» GUI tools for management of crawls

- Pause and resume crawls

- Single crawl jobs can cover hundreds of millions of pages
- Every page visited only once

- Stable, fast and follows more links than other comparable tools
(better handling of Java-script links)



I, .M Crawling

oooooooo gy

* Initialized with a list of webpages — called seeds

* Heritrix extracts links to other webpages — they are subsequently
downloaded and processed accordingly

* Crawling of TLDs

- Starting point: Few domains

« Minor influence on results
- Hubs reached within first steps

» Restrict Heritrix not to leave desired TLD
- Disadvantage: Misses text on other TLDs such as .com
e Lists of domains

« Sources such as www.abyznewslinks.com
- Successful domains from previous crawls




I, . M Crawling - Hands-On Experience

oooooooo gy

* Using 8 CPU-cores, 20GB of RAM and a 1GBit/s Internet connection —
crawling speeds of up to 200 URLs/s per job running 3 jobs parallel

* Politeness: One query per domain per seven seconds - high crawling
speed only when many servers are queued

* Basic configurations for performance:

« To avoid link farms and spider traps we use a maximum crawl depth
 To reduce bandwidth we exclude certain file types like images, media files...

+ URLs containing keywords (download, files, image, pics, upload, redir or
search) are excluded

+ To reduce the amount of lists or computer-generated content, max. file size
is 1TMB




I, . M Processing and Analyzing Web-Data

oooooooo gy

* WebCorpus project (TU Darmstadt)

 Uses highly efficient Hadoop framework — Follows the
MapReduce paradigm in a distributed environment

 Possible to process very large data in parallel

- Ideally on a large number of computers
- Or just by a single machine

‘MapReduce:

* ldea: Split an algorithm into two phases: Map and Reduce

* Map phase: So-called key-value pairs of the input data are
produced

- Reduce phase: Pairs are grouped and combined by their key to
produce final result




T, .M WebCorpus — Processing Steps

oooooooo gy

1. Convert: Converting input data (WARC, ARC, Leipzig format) into a unified
document representation

2. Filter: Removing duplicate or broken documents

3. Extract: Segmenting and filtering texts in the desired level of granularity
(unique sentences, paragraphs or documents in a particular language)

4. Annotate: Using UIMA components, e.g. tokenizing, tagging and parsing

5. Count: Exploit annotations by counting n-grams, co-occurrences, subtrees
of dependency parses, etc.
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WebCorpus — Processing Steps

Leipzig

! 2. Filter

DeduplicationJob

! Y
DeduplicationByHostJob
! Y

UTF8Job

ELrPE | O N e e Y

SentenceJob

Y

LanguageJob

A J

SentenceExtractJob

L4

SentenceExtractCompactJob

NGramCountJob

POSNGramCountJob

~\
POS n-grams
L

NGramWithPosCountJob

"y

N-grams

N-grams with

CooccurrenceCountJob

POS tags

Cooccurrences
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T, .M WebCorpus - Output

ooooooooo

* Cleaned, language-filtered and preprocessed documents
* VVarious statistical outputs:

- Statistically significant co-occurrences

* N-grams
e CSV

* Input for a variety of applications, e.g.:
* Distributional thesauri
- Language models
* Visualisation — CoocViewer

12



L CoocViewer

« Significant co-occurrences and concordances of words from text
corpora can be explored visually

« Access to source text via full-text indexing

« CoocViewer is divided into two major components:

1. The server-sided data management part (data stored in relational
database for fast access)

2. The web based front end running on an http server (independent of
operating system etc.)

syolcano
eglacier
(] -3 -2 -1 0 1 2 3
) »Eyjafjallajokull
.E 1 1 1
yjafjallajokull | svoleano
*eruption® below .
*|celand *glacier
*erupting *volcani

*eruption
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T, . ™ Availability - Tools
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*https://webarchive.jira.com/wiki/display/Heritrix/

Heritrix
Erstellt von Paul Jack, zuletet gedndert won Moah Levitt am Feb 27, 2014

I X

h

A

« |ntroduction

Erowse the wiki

Webmasters!

Downloads

License

Latest Releases
e Heritrix 3.2.0 (Jan 2014)
o Heritrix 1.14 .4 (May 2010

Diocurnentation

railing lists

Development

Introduction

This is the public wiki for the Heritrix archival crawler project.

Heritrix is the Internet Archive's open-source, extensible, web-scale, archival-guality web crawler project.
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http://sourceforge.net/projects/webcorpus/
http://sourceforge.net/projects/coocviewer/
*Open source, Apache v2 License

Home [ Brovese | Science & Enginesring ! Linguistics [ CoocViewer
Home [ Browese MWebCorpus

WebCorpus™ CoocViewer

Yiewer For co-occurrences and positional co-occurrences

Hadoop Framework For scalable processing of large web corpora AN OO T

Brought to you by hiem-tuda, johannes_simaon, remstef

) ) . ) ) ) N Summary  Files  Rewiews  Support  wiki o Tickets  Discussion  Code
Surnmary  Files  Rewviews  Support wiki o Tickeks + Code  Discussion Mailing Lisks

* Add a Review e
¥ 3 Downloads (7his iesk) -.-own e

* Add a Review > toad

ovmloa ]
* 2 Downloads webcorpus-1.0.1 jar El Last Upd3t93 2013-11-08
fA] Last Update: 2013-11-12

& Browse Al Files ﬂf ‘_I & Browse All Files

e |

*Christ
~Jnsus =Botetourn - 1viewer
“Lord *FOX ¢ {8
*Flins sresponsely
i responseDVD
*News
i *Rings

oL Cescription
Descrpiion
A Dermo iz available at:

YWebCorpus is a Hadoop-based framework that enables you to calculate statistics on large web corpora http:ffcoacviewer. sourceforge. net/coocviewerfindex. php

extracted frorm web crawls.
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T, .M Availability - Data

ooooooooo

Leipzig Corpora Collection

» Web interface — Corpora for >200 languages
» Download of corpora of standard sizes

- All textual data underly creative commons
attribution license (cc by)

» Sentences are scambled — original structure of
documents cannot be reconstructed
(German copyright legislation)
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http://corpora.informatik.uni-leipzig.de/

Abkhaz
4 rabic
Azsyrian Meo-hramaic
Banjar
Eicaolano
Catalan
Chinese, Min Dong
Croatian
Englizh
Estonian
Frizian, Western
Galician
Gilaki
Haitian
Icelandic
Italian
Kalmyk-Dirat
Kizwahili
Kyrayz
Latwian
Luzemburgian
Maltese
Mingrelian
Mawajo
Mawial
Ozsetian
Pashtao
Portuguese [Erazil)
Ruzsian
Sansk rit

WORTSCHATZ
UNIVERSITAT LEIPZIG

Search in 230 Corpus-Based Monolingual Dictionaries

MNewest Dictionaries

Word: |

EIm e

active dictionary: lcelandic case sensitive search

Random words:

welkomnir liztanum strakar hafna
Change Dictionary:
Achali Afrikaans Akan
Arabic, Egyptian Aragonese Armenian
Azturian fwar Azerbaijanian
Baszhkir Bazque Bawarian
Bizhnupriya Bos=nian Ereton
Cebuana Chawacano Chechen
Chinese, Min Man Chuvash Cornish
Czech Danizh Crimli
English (&L} English [C4) English [MZ)
Faroeze Fijian Finnizh
F riulian Fulah Gaelic, Irish
Ganda Geargian German
Goan konkani Greek Greenlandic
Hausa Hebrew Hindi
|do llacana Indonesian
Japanese Javanese Kidlzch
Kannada Karakalpak, Kazhubian
Elingon Komi Konk.ani
Lading Lak, Lao
Ligurian Limburgish Lingala
Macedonian Malagasy Malay
Manz Maori Marathi
Mirandese Mokzha dongalian (Cyrillic)
Mepali Mewari Morse, Qld
Occitan Old English Oriva
Fampanga Pangasinan Panjabi
Pennsylanian Duteh Persian Picard
Portuguese (Macao) Paortuguese (Portugal) Romanian
Rusyn Saami, Morth Sami
Sardinian soots Serbian

sk ritid

Albanian
Aromanian
Balkar
Eelarusan
Bulzarian
Cherokee
Corsican
Dutch
English {LIK)
French
Gaelic, Scottizh
German [CH)
Guarani
Hindi, Fiji
Interlingua
Kabardian
Kazakh
Korean
Latzalian
Lithuanian
Malayalam
Mari, Meadow
Mongolian (traditional)
Morwegian (Bokmal)
Croma
Panjabi, Western
Piemontese
Romansch
Samaan
Shona

Amharic
hszamese
Bamanankan
Bengali
Buriat
Chinese (simplified)
Crimean Tatar
Emiliano-Romagnaola
Ezperanto
Frisian, Morthern
Gagauz
German, Swiss
Gujarati
Hungzarian
Interlingue
Kabyle
Ehmer, Central
Kurdizh
Latin
Lushai
Maldiwian
Mari, Western
Mahuat!
Morwesgian (Mynorsk)
Cromo, West Central
Papiamento
Palizh
Romany
Samogitian
Sicilian

17



| . Example Eyjafjallajokull - 2008

‘echnology

term: Evjafjallajslkull

number of occurrences: 1

class of frequency: 24 (1e. fke has got about 2% the number of occurrences than the selected wotd. )
example(s):

You can also learn where Eyjafjallajikull, Breidamerlounéloall, and Pdénsyéloull are and what they look ke too.

significant cooccemrrences of Eyjafjallajikoull:
Mo words found.

18



Language

. Example Eyjafjallajokull - 2010

number of occurrences: 401

class of frequency: 16 [i.e. the has got about 2"® the number of occurrences than the selected wiord. ]

example(s):

However, because of the recent eruptions of the Eyjafjallajokull volcano last spring and the #erapi volcano in Indonesia in October, one and possibly even two clouds of ash and dust might be fl
http: i fus rd yahoo, comi dailynews/ rss/ science f "hittpf Fnews yahoo. com{ s/ spacef 201012171 sc_space famazingspecitacletotaliunarec ipsemondaynioht)

But Eyjafjallajokull appears to startwith a fissure eruption in many cases. [source: http:f fsclenceblogs. comferuptions 207070047 eviafialia jokul! _chugs_along_g.php)

Eyjafjallajokull” = genius was to ground Europe’ s aircraft just as families were returning from their Easter holidays. [source: hEp:f fwewe, fEocomfomsd s/ 07 33%ad0bZ -5183-11df-bed?-001 44 feat
more examples

Technology

significant cooccurrences of Eyjafjallajolull:

volcano [3234.88), eruption [1845.13), ash [1960.32), lceland [1460.16]), lceland®s [800,03], April 14 (449,87, lcelandic (443.82), Europe [437.14], flights [393.13), airspace [391.36], v
April [333.77), plume [318.71], Katla [256.73)], clacier [285.38), across [248.44], volcanic ash [246.55), lcelands [224.3], eruptions [209.89], 14 [205.84), grounded [192.16], from [185.
[172.84]), air travel [169.62], 1821 [162.6], spewed [180.,59], airports [187.78], Ash [156.42], lava [153.98], air [139.63], Yolcano [127.76)], travel [126.27), 1823 [123.768], 100,000 [112
explosions [106.72], 5,466-foot [106.34), 1,éec-meter [104.13], disruption [103.69], cancellation [99.18], 5,500-foot [97.4], of [#1.07], activity [91.03], closed [90.22], caused [89.45],
[F8.46], tusings (75.54), Kilauea [74.52), northern [72.84), thousands (72.78)], University of lceland (72.65), Start [71.18], Pacaya [70.16], International &ir Transport &ssociation [69.9
Association [66.09), cancel [65.53), according to [64.6], according (64.36], volcanoes [64.09), Eruptions [63.4], grounding [60.67], Flights [80.22], 1.7 [60.15], Zmall [59.8], U.K [59.72]
traffic (57.55), dust cloud [87.18), carriers [56.584)

significant left neighbours of Eyjafjallajtkull:
lceland®s [667.77), lcelands [263.81], volcano [187.3], = [171.63), the [151.78]), 5,500-foot (129.02], erupting [100.67), from [F7.61]), at [68.4], of [B0.28], Wolcano [49.868], | [12.29], ©

significant right neighbours of Eyjafjallajikull:
wolcano [3338.31), eruption [270.61), glacier [246.37), YVolcano [108.1), erupted [91.68), @ [38.57), ash (30.74], i5 [28.08), has [18.91), , [11.48], [ [8.74], on (8.24), ~ [7.68], last [5.84)]

Graph v. 1.6 fur Eyjafjallajokull

volcano

flights April 14

19
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Crawling + Corpus Creation - Faroese

 .fo domain (Faroe Islands)

e 1.2 million websites

« “Politeness” - crawling took three days

e Language separation:

Language Percentage
Faroese 60.63
English 14.69
Icelandic 11.24
Danish 10.29
French 0.64

« Results of processing:

- 888,255 unique sentences

20



T, .M Faroese - Co-Occurrences

oooooooo gy

o evatnid s kalt
|
°*0g evatn *0Q
*vatn e at *nogv | .
*at | | *qQas
. *00 *remt *ur
B *sletta *3
. .htfi{t

I

e “vatn” (engl. “water”, frequency 1,504)  ‘tividarigum

rymingarleidum

slanguskap

e Co-Occurrences and concordances of
Webcorpus + Coocviewer (top)
vs. LCC (bottom)

undirgrundini

i . dreklka
rennur )
ur

frult

mj6lk
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Example - Kiswabhili

e ke domain (Kenya)

e 3.1 million websites

"Politeness” - crawling took five days

e Language separation:

Language | Percentage
English 98.20
Kiswahili 0.84
Russian 0.21

Latin 0.12
Spanish 0.08

« Results of processing:

- 7,873 unique sentences

22



L m Example — Large TLD

German:

>7 TB of raw HTML-data

*~140 Million Websites (type text/html)

<2 weeks

— Sudden stop

*Problem: > 2TB of (necessary) temporary files

23
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*We presented a workflow for producing Web
corpora

 Using free, open-source software
» Corpora targeted to own needs

« Comprehensive (TLD crawling)

» Scalable und fast (Hadoop)

24
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Thank you!
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