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COW project:
http://hpsg.fu-berlin.de/cow/

texrex (current version: texrex-hyperhyper ):
http://sourceforge.net/projects/texrex/

Our brand new book on web corpora
http://sites.morganclaypool.com/wcc/
http://www.morganclaypool.com/toc/hlt/2/1
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Dimensions of noisiness

N tokens: 9,108,097,177
N types: 63,569,767
N hapax legomena: 39,988,127

Proliferation of types: type and token counts for German web corpus DECOW2012
Schéfer and Bildhauer [2012, 2013]

similar results in Liu and Curran [2006]
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Noise in web corpora

Source % 95% CI (%)
misspelling 20 5.0
tokenization error 15 47
non-word 6 33
foreign-language material .8 31
rare word 463 6.2
number 12 1:3

Classi cation of hapax legomena in DECOW2012;

Schéfer and Bildhauer [2013]

estimated proportions of di erent categories ( n  250), with 95% con dence interval (Cl)
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Classi cation of errors in POS tagging

The background of the work presented here:
Y improve linguistic post-processing (considerably

lower quality in web corpora, Giesbrecht and Evert, 2009)

Y allow users to also retrieve misspelled words etc.

Class %
non-standard orthography 32:3
lexicon gaps 198
foreign language material 18:9
emoticons 137
named entities 5:4
tokenization errors 31
other 6:8

sample drawn from a sub-corpus of DECOW2012 containing pred

ominantly informal language
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Breakdown of non-standard orthography (DECOW2012

Class %
genre-speci ¢ spellings 59:2
omitted whitespace 134
variants 197
ordinary typos 7:56
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Hyphenated words in web corpora

Y sources: pasted material from word processors, etc.

Y disadvantage: no line endings as additional hint,
Grefenstette and Tapanainen [1994] too naive

Y little discussion available, e.g., Zamorano et al. [2011]
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Examples of type I: Merge

Y Seiten- streiferfi Seitenstreifen tfard shouldey
Y an- wahlenii  anwahlen §elect/dial)

Y E- missionerf Emissionenémissiony

Y Physio- kratiefi Physiokratie Physiocracy

All examples are from DECOW2012 (German) or UKCOW2012 (Engl ish)
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Examples of type Il: Concatenate

Y Philipps- Lagerverkauf
Philipps-LagerverkaufRhilips stock salg

Y U- Bootalarmfi U-Bootalarm gubmarine aleit

Y 5- Alpha-Reduktase-Hemm@r
5-Alpha-Reduktase-Hemmeb-alpha-reductase inhibitgr

Y 18- karatigemf 18-karétigem (8-carai
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Examples of type Ill: Leavealone

Y deutsch- u.bald auch der englischsprachigen Blogosphére
the German- and soon also the English-speaking blogosphere

Y Film- und Entertainment-Gesellschaft

movie(-) and entertainment society
Y die Innen- gegenubeder Auyenentwicklung

the domestic(-) versus the foreign development
Y weder einTV- noch ein Radiosender

neither a TV(-) nor a radio station

Y jederSport- insbesonder¥olleyballbegeisterte
each sports(-), especially volleyball fan
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English examples

Y It has agraph- ingfacility for scatterplots (Merge)

Y any child whoseself- esteermeeds a boost (Concatenate)
Y | called upon myJranus- Neptuneentity (Concatenate)

Y horseriding, anchang- andparagliding (Leavealone)

Y somecases- andnterpretation - of classic 1960s
D-class movies (actually type 1V: Dashify, currently igrahr
i.e., treated as Leavealone)
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HyDRA Hyphenation Detection and Repair Applicatior

Common HyDRA component uses frequencies of bigbam
(of the form A- B) and the frequencies
of its dehyphenation transformations from the corpus:

Y frequency of the bigram itselff pgoq

Y frequency of the concatenation of the bigrarhpCpbqq
Y frequency of the merge of the bigrarhpM poqq

Y currently not even frequencies of the two parts

Y currently raw frequencigsno (smoothed) probabilities
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Decision

The HyDRA API o ers one functiorhydra() , which
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Decision

The HyDRA API o ers one functiorhydra() , which

returns the most frequent of
b, Cpbg and Mpbq

This was our rst baseline attempt...
and we left it at this.
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Evaluation

Y data and frequencies from a DECOW2012 slice (1.5 bn tokens)
Y n=684
Y type accuracy 63.7%

Y token accuracy 99.6%
(tokens of the types from the sample in the whole corpus)

Y primary reason for low type accuracy:
Many separated nominal compounds with -
are not concatenated when concatenation is unseen.

Y example:Foto- Fraui Foto-Frau
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Solutions considered/chosen

Y use unigram frequencies of parts of the bigram
(probably useless)

Y ...or use a language-speci ¢ rule for German
based on mixed capitalization of German nouns

Y onesimple exception rule quite e ective:
If both parts have mixed capitalization, Concatenate!

Y Type-Accuracy 91.8% (+28.1%)
Y Token-Accuracy 99.9% (+0.03%)

Y downside: does not generalize to other languages,
rules and evaluations for other languages missing
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Correct form (frequency) Misspelled form N edit distance
ubernimmt
Ubernhmmt
Ubernimmt
Ubernemt
obernimmt
Uberninmmt
Ubernimnet

Ubernimmt (297440 Uberaimt
Ubernemt
Ubernhmt

[oe]
ey

P B
NNNBRARRJONROgOR O

N
PNRNRPRORRPRNRRE LR RPRE

Ubernbmmt
Ubernintnt
Ubernummt
Uberninnt
Ubernimmit

Some spelling variants of Geﬁhébernimmt (‘takes over') from
DECOW2012.
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Automatic spelling correction

1. Identify potential misspellings
2. Select candidate for replacement

2.1 Produce candidates
2.2 Rank candidates

3. Decision: replace misspelling with best candidate?

Order also re ects the complexity of these steps .
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Identifying potential misspellings

Y using Enchant library
Y consult dictionaries:

v Aspell engg
v Aspell enys
¥ additional custom word list
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Ranking candidates

Enchant/ Aspell returns a ranked set of candidates.

N re-rank candidates using context information

Language models:
Y from clean part of UKCOW2012 corpus (tokens)
Y unigrams (4.2 m types)
Y bigrams (74 m types)
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Candidate re-ranking

...be necessarily brief butefven | that being so does not excuse ..
even
eleven
Evan
oven

Conditional probabilites:
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Candidate re-ranking

...be necessarily briebut

efven

that being so does not excuse ..

Conditional probabilites:

P(candidate|preceding
P(followingcandidate)

even
eleven
Evan
oven

Felix Bildhauer, Roland Schafer 2014, SFB 632/A2, German Gr

ammar and Linguistics (FU Berlin) 23/45



Token-level noise and non-destructive normalization
I—Spellingbee Spelling correction

Candidate re-ranking

... be necessarily brief b

utefven

that being so does not excuse ..

Conditional probabilites:

P(candidate |preceding)
P(followindcandidate)

even
eleven
Evan
oven

Felix Bildhauer, Roland Schafer 2014, SFB 632/A2, German Gr

ammar and Linguistics (FU Berlin) 23/45



Token-level noise and non-destructive normalization
I—Spellingbee Spelling correction

Ranking: Evaluation

Best predictor: product of conditional probabilities

Y Test set: 1007 potential mispellings, 85 real misspellings
(8.4%)

Felix Bildhauer, Roland Schafer 2014, SFB 632/A2, German Gr ammar and Linguistics (FU Berlin) 24/45



Token-level noise and non-destructive normalization
I—Spellingbee Spelling correction

Ranking: Evaluation

Best predictor: product of conditional probabilities

Y Test set: 1007 potential mispellings, 85 real misspellings
(8.4%)
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Ranking: Evaluation

Best predictor: product of conditional probabilities

Y Test set: 1007 potential mispellings, 85 real misspellings
(8.4%)

Y Baseline:Aspell 's best candidate: 82.4% correct

Y Our re-ranking: 88.2% correct

But: replacement is a rare event.

Y real misspellings of capitalized words: 1.82%
Y do not ag capitalized mid-sentence tokens as misspellings
Y real misspellings among remaing tokens: 32.17%
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Replace or leave as is?

Y extract more information about candidate and misspelling
Y use balanced training set (50% replace, 50% leave-alone)
Y model the decision with a logistic regression
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Logistic regression: predictors

Model trained on 310 instances.

Y Aspell 's original rank

Y edit distance

Y number of alternative candidates

Y capitalization of misspelling

Y frequency of candidate in document

Y frequency of misspelling in document

Y bigrams: conditional probabilities misspelling
Y bigrams: conditional probabilities candidate
Y product of bigram conditional probabilities
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Model evaluation

On training data:

% corr. .81
precision .75
recall .92
F1 .83
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Model evaluation

On training data:

% corr. .81
precision .75
recall .92
F1 .83

On unseen test data (unbalanced: 30% replace)

% corr. .63
pecision .45
recall g7
F1 .56
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Summary spelling correction

Y context information helps chosing the right candidate
Y toughest problem with web data: replace vs. leave-alone
Y so far, the model does not generalize well to unseen data
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Summary spelling correction

Y context information helps chosing the right candidate
Y toughest problem with web data: replace vs. leave-alone
Y so far, the model does not generalize well to unseen data

Next steps:

Y restrict domain to more predictable cases
Y incorporate noisy channel model for frequent misspellings
Y use POS information
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Reasons for non-destructive normalization

Y our goal: carefully sampled and processed web corpora
for fundamental research theoretical linguistics,
linguistic web characterization

Y noise or distortion through processing intolerable
Y Leave major destructive design decisions to the user!
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Web data speci c research

Y ndings in Schéafer and Sayatz (submitted):
non-standard cliticized forms of the German inde nite algi
are frequent in web data, totally absent elsewhere

Y einfi n, einemfi nem etc.

Y longstanding morpho-syntactic
and graphemic hypotheses made testable

Y In such cases, aggressive destructive normalization
removes features from the corpus which make it unique!
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Non-destructive normalization in COW2013

Spelling correction can be represented as annotation layer
(Dehyphenation cannot, at least not e ciently.)

Word POS Lemma Corr.Word Corr.POS Corr.Lemma
the DT the the DT the

players NNS  player players NNS player
play VBP  play play VBP play

. SENT . . SENT

The DT the The DT the

FA NP FA FA NP FA

does VBZ do does VBZ do
abosolutley JJ unknown  absolutely RB absolutely
nothing NN nothing nothing NN nothing
to TO to to TO to

help VB help help VB help

Clubs NNS  club Clubs NNS club
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Summary

Y Web corpora are noisy, but the noise is valuable data,
and the valuable data is noise.

Y High-quality dehyphenation is surprisingly simjie
and need not/cannot be executed non-destructively.
Y Spelling correction is (still) as di cult as we knew it was.

Y Huge non-destructively normalized web corpora are passibl
and, in fact, available (soon).
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