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Valence a kolokabilita

@ Paradigma — tfida funkEné ekvivalentnich (lexikalnich) jednotek.

@ Virtualni paradigma — ekvivalence na zakladé téZe vlastnosti,
vyjadfena intenzionalné.

@ Kolokaéni paradigma - ekvivalence na zakladé uzsi
substituovatelnosti v tomtéz misté textu, vadi jinému slovu,
vyjadrena extenzionalné.

Cermak (Syntagmatika a paradigmatika ¢eského slova I, 1982)

“Kolokabilita je obecna schopnost slova se spojovat v textu s jinymi.
Pokud je vyjadrena intenzionalné mluvime o valenci. V ostatnich
pfipadech (vymezena extenzionalné) postaci Sirsi termin
kolokabilita.”

“V textu realizovana kolokabilita (alesori) dvou paradigmat, resp.
Jejich prvki dava slovni spojeni, kolokaci.”
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Introduction

Kolokace

Encyklopedicky slovnik Cestiny (2002)
“Kolokace je kombinace jazykovych prvki lexikalni povahy (spojeni
slov).”

Typy kolokaci:

@ systémové
a) pravidelné - viceslovné terminy (kyselina sirova, cestovni kancelar)
b) nepravidelné - frazémy a idiomy (leZet ladem, cerna dira)

Q textové
a) pravidelné - bézné kolokace uZivané preferencné (letni dovolena)
b) nepravidelné - individualni autorské metafory (treskuté vtipny)

V nékterych pojetich: kolokace = kolokace typické (bézné)
Ve frazeologii a idiomatice: kolokace = kolokacni frazém
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Souslovi

Smilauer (Nauka o deském jazyce, 1979)

“Souslovi je ustalené pojmenovani, které vzniklo ze spojeni dvou ¢i
vice slov, ma vSak vyznam slova jednoho a vstupuje do véty jako
hotovy celek.”

Rlizné stupné souslovi:

@ nerozlozitelna, slova jinak neuzivana (kfizem krézem)
@ tésné spojené cleny, neodéluji se carkou (ve dne v noci)
@ rozlozitelna, ale jako celek metaforicka (pavi oko)

© rozlozZitelna, jeden ¢len metaforicky (visi mak)

@ oba Cleny vyznamové (jizdni rychlost)

Pavel Pecina Collocation Extraction



Introduction Notion of Collocations Applications of Collocations The Task

Motivace

Cermak (Manual Lexikografie, 1995)

“Viceslovnych lexému (kolokaci) je v cestine vice neZ lexému
jednoslovnych a pro sva specifika ve frazeologii, idiomatice a
terminologii vyZaduji konstituovani samostatné paralelni ¢asti v ramci
lexikalni databaze.”

Cermak (Syntagmatika a paradigmatika ¢eského slova |, 1982)

“Jsou vsak pfipady, kdy se slovo miZe uzualné spojovat s jednim,
popr. nékolika malo dalsimi a pak je nejen uzitecné, ale dokonce i
nutné je znat, jinak ho nemiZeme pouZivat. Zaroveri se pak da jediné
takto (extenzionalné) vystihnout jeho vyznam.”
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Definitions |

“Collocations of a given word are statements of the habitual or
customary places of that word.”

Choueka (1988)

“A collocation is a sequence of two or more consecutive words, that
has characteristics of a syntactic and semantic unit, and whose exact
and unambiguous meaning or connotation cannot be derived directly
from the meaning or connotation of its components.”
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Definitions Il

Radev (1998)

“A collocation is a group of words that occur together more often than
by a chance.”

Manning (1999)

“A collocation is an expression consisting of two or more words that
correspond to some conventional way of saying things.”
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Definitions Il

Bartsch (2004)

“Collocations can be defined as frequently reccurrent, relatively fixed
syntagmatic combinations of two or more words.”

Evert (2004)

“A collocation is a word combination whose semantic and/or syntactic
properties cannot be fully predicted from those of its components,
and which therefore has to be listed in a lexicon.”
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Characteristic Features

@ Non-compositionality

The meaning of a collocation is not a straightforward composition
of the meaning of its parts.
(kick the bucket, carriage return, white man)

@ Non-substitutability

Components of collocation cannot be substituted with a related
word or a synonym.
(vellow wine, hit the bucket, make homework)

@ Non-modifiability

Collocations cannot be modified or syntactically transformed.
(give a big hand, poor as a church mice)
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Other Issues

@ Translatability

Word by word translation to other languages is for some
collocations not possible.
(ice cream, to be right)

@ Domain specificity
Some expressions are collocations in their domain however in
other domain can be completely compositional.
(carriage return)

@ Subjectivity
Two individuals can perceive a word expression as a collocation
differently.
(game over, new company)
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Some well-known problems |

@ Lexicography
Which multiword expressions to include into a lexicon?
My new computer is a laptop computer.

@ Machine translation

Where to break a sentence into chunks?
She likes ice cream pancakes.

@ Information retrieval

Which multiword terms to index?
Our new friend is from New York.

@ Word sense disambiguation

How to distinguish between possible word senses?
My uncle owns a wine yard.
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Some well-known problems |l

@ Spell/grammar/style-checking

Is this text written correctly ?
Meals will be served outside, weather allowing.

@ Text classification and summarization

What is this text about?
Carriage return is necessary at the end of line.

@ Language modeling (text/speech synthesis)

How to create a fluent sentence?
Could you hand me pepper and salt?

@ Corpus-based language teaching/learning

What kinds of multiword expressions to teach?
He finally kicked the bucket.
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The task and the Solution

To build a collocation lexicon.

Possible approaches:

@ Manual processing of a corpus and annotation of collocations.

+ Good results
— Subjective results
— Slow and expensive process

@ Automatic processing of a corpus and extraction of collocations.

+ Fast process
+ Stable results
+ Customizable output
— Certain error

© Combination of the two previous.
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The task and the Solution

To build a collocation lexicon.

Possible approaches:

@ Manual processing of a corpus and annotation of collocations.

+ Good results
— Subjective results
— Slow and expensive process

@ Automatic processing of a corpus and extraction of collocations.

+ Fast process

+ Stable results

+ Customizable output

— Certain error — Predictable!

© Combination of the two previous.
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Collocation Extraction Methodologyr

@ Most methods are based on verification of typical collocation properties.

@ These properties are formally described by mathematical formulas that
determine degree of association between components of collocation.

@ Such formulas are called association measures and compute
association score for each collocation candidate from a corpus.

@ The scores indicate a chance of a candidate to be a collocation.
@ The scores can be used for ranking or for classification:

Cerveny Kfiz 15.66 Cerveny kfiz 1
radova carka 14.01 fadova carka 1
aritmeticka operace | 10.52 aritmeticka operace 1
podavac papiru 10.17 podavac papiru 1
systém typu 3.54 systém typu 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroven byt 0.25 urovern byt 0
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Candidate Extraction Process

@ Extracting all possible candidates for collocations

e Consequent word n-grams
e Sliding window
e Syntactic structures

@ Collecting cooccurrence statistics

e Frequency of word and n-gram occurrences
e Immediate contexts
o Average contexts
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Word Base Forms

@ Full word forms too specific (rich morphology)
@ Lemmas too general (loss of semantic information)
@ Solution: lemmas with a subset of morphological tags

<f>nenahraditelnéd<l>nahraditelny_(*4)<t>AAFSl-——-1N-——--<r>8<g>7
! Ll L
nahraditelny_ (*4) AF 1N
4
<f>nahraditelny_(*4)<t>AxFIN</f>
4
nenahraditelna
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Morphological and Syntactical Patter

Useful for:
@ Filtering
@ Classification
@ Distinction Atr | cenny papir

Sb | ceny stoupaji

Part-of-speech Obj | dat prednost

AN linearni funkce Adv | zdravotné postizeny

N N ndslednik trinu

D A N | objektove orientovany jazyk
N AN | zbrané hromadného niceni /! N

V RN | prijit k sobé velky vyr vyr velky

Pavel Pecina Collocation Extraction



Colllocation Extraction Methodology Association Measures Empirical Evaluation

Outline

e Colllocation Extraction

@ Association Measures

Pavel Pecina Collocation Extraction



Colllocation Extraction M y Association Measures Empiri

Association Measures

Basic approaches:

Estimations of bigram and unigram probabilities
Mutual information and derived measures

Statistical tests of independence

Likelihood measures

Other heuristic association measures and coefficients

Immediate context measures

Information-theory average context measures
Average context similarity measures

00 0 000O0CO
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Occurrence Probability

Model: Words are generated randomly and independently.
Hypothesis: Collocations are frequent word combinations.

o(dobaledova) = 3

. doba .. ... N =1000
. doba ledova ... ... ...
ledovd ... ... ... doba ... c(doba ledova
. ... doba ledové ... ... P(doba ledova) = %
. doba .. ... .. Lo oL 3
. doba ledovd ... ... = —
...... ledova .... 1000
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Pointwise Mutual Information

Model: Words are generated randomly and independently.
Hypothesis: Mutual information of collocation component occurrences is high.

P(doba) = —— = 0.006

P(ledova) = —— = 0.005
...... doba .. ... ... ... 1000 3

. doba ledova ... ... ... P(doba ledova) = —— =20.003
ledovd ... ... ... doba ... 1000
...... doba ledovd ... ...
...doba .. ... ... ... ... l(doba /edova) — log P(dOba /edova)
...... doba ledovd ... ... P(doba) x P(ledova)
e . ledova .... 0.003
~ "¥0.005 x 0.006
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f test

Model: Words are generated randomly and independently.
Hypothesis: Collocations occur together more often than by a chance.

P(doba) = 5 = 0.006

P(ledova) = —— = 0.005

1000
...... doba .. ... ... ... 3
doba ledovd ... ... ... P(doba ledova) = —— = 0.003
ledova ... ... ... doba ... 1000
i doba ledovd ... ... ;  P(dobaledova) — P(doba) x P(ledova)
oba .. ... ... ... ... =
...... doba ledova ... ... \/P(doba) x P(ledova)/N
S ELEDL G55 ~0.003 — 0.005 x 0.006

~ ,/0.005 x 0.006/1000
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Contingency Table Measures

Model: Words are generated randomly and independently.
Hypothesis: Occurrence of collocation components is not independent.

X=cCerny X#Cerny
Y=trh cerny trh domaci trh
YA£trh | Cernycaj  zelena trava

a b+c vad — vbe a
at+b+c+d d+e Vad + v/bc max(a+ b,a+ c)
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Immediate Context Analysis

Model: Words are generated randomly depending on the preceding words.
Hypothesis: Collocations occur as units in a noisy environment.

M

Cesky kapitalovy trh dnes ovliviiil pokles cen véech cennych papirti a zejména akai.
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Immediate Context Analysis

Model: Words are generated randomly depending on the preceding words.
Hypothesis: Collocations occur as units in a noisy environment.

M

Cesky kapitalovy trh dnes ovliviil pokles cen véech cennych papirt a zejména akai.
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Average Context Similarity

Model: Each word is determined by its context.
Hypothesis: Average contexts of collocation components are different and
differ also from the average context of the collocation.

zlepsSeni situace . Kapitalovy trh  je vSak stale nelikvidni
ze to neni samostatny  trh  a Ze je soucasta Sirsiho
bariérach v pristupu na trh , cenovych rozdilech ,
banky . Americky akciovy trh byl za silného obchodovani
jitse svou kuzina trh . Provydani mluvila zejména

Context word probability distribution P(w;|x)
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Association Measures |

Dependency structure
Part of speech
Dependency type

Number of components

Methodology

{0:1,2:0}

{A:N,N:N,N:V,V:N,R:N,D:V, ...}

{Atr:Head, Head:Atr,Head:0bj,...

Association Measures Empirical Evaluation

}

12.
13.

*14.
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Mean component offset
Variance component offset
Joint probability
Conditional probability
Reverse conditional prob.

Pointwise mutual information
Mutual dependency (MD)

Log frequency biased MD

Normalized

=
P(xy)

Py|x)

P(x1y)

log P(x*() 2

PLsy

log 7P<x*() )< )
y)
P(x

Mutual expectation
Salience

2

Pearson’s x“ test

Fisher’s exact test

log W +log P(xy)
2f(xy)
f(x;;zrf()*y)
X}
o)y PO)

°QW IEi)
(51 )2

I/ '/
OO (X ) () ()1
NI O XY (X)!
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Association Measures I

Methodology Association Measures

() —F(xy)

18. ttest W
19. zscore = f(xy)—{(xy)
V)= (f(xy)/N))
20. Poison si f(xy)—f(xy) If)o%flslxy)ﬂogf(xy)!
21. Log likelihood ratio —Zz,yg-log ;L
e ) Iogl,zl
22. Squared log likelihood ratio —22,-1 7]
Association coefficients:
23. Russel-Rao m
24.  Sokal-Michiner P Sl
*25. Rogers-Tanimoto %
26. Hamann %
27. Third Sokal-Sneath big
28. Jaccard Tgﬂ:
*29. First Kulczynsky Wﬁc
30. Second Sokal-Sneath m
31. Second Kulczynski %(ﬁb + ﬁ‘c)
32. Fourth Sokal-Sneath %(ﬁb + a2+ 6’%5 + E’%)
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Association Measures |

33.  0dds ratio 2d
’ vad—~/bc
34. VYulle’'s —_—
“ Vad{~/bo
* ’ ad—bc
35. VYulle’s Q adThc
36. Driver—Kroeber —4a
(at+b)(a+c)
37. Fifth Sokal-Sneath | ——ad
V/(a+b)(a+c)(d+b)(d+c)
38. Pearson — @ihe
(a+b)(a+c)(d+b)(d+c)
39. Baroni-Urbani —atvad
atb+ct+vad

40. B

a
max(a+b,a+c)

f a
41. Simpson min(atb,atc)

42 Michael __Had—bo)
(a+d)2+(b+c)
2a
e 2bc+ab+ac
44.  Fager ——a____ Imax(b, ¢
9 \/(a+b)(a+c) gmax(b. ©)
45.  Unigram subtuples Iog F —3.29,/ ; + 2—7 + 15 + 13
min(b,c)+a
46. U cost Iog(1+m)
47. Scost Iog(1+m) 2
48. Rcost log(1+ 725 - log(1+ 325)

49. T combined cost VUXSXR
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Association Measures IV

. I P(xy) — P(x+)P(+y)
RS R
xy)+P(xy)— P(x*P(xy) — P(x*P(*
S1- Kappa Z 1—P{x*)’ *y)—Pyx*P 7) Z
52. J measure max[P(xy)log P *})/() +P(xy)log P,(g ‘;)
P(xy)log P((x‘i/)) +P(xy)log P((x*) ]
53.  Gini index max[P(x+)(P(y | x)2+ P(7|x)2) — P(xy)?
+P0a) (P IR)2+ P(71%)2) — P(+7)2,
P(xy)(P(x1y)?+P(X9)?) — P(x*)?
+P(7)(P(X17)2+P(RI7)2) — P(X*)2]
54. Confidence max[P(y|x), P(x|y)]
ipE2s, S
56. Conviction ma; [w, W]
57. Piatersky—Shapiro | P(xy)— P(xx)P(xy)
58. Certainity factor max| P(“; ‘j)F;f}E;y) s P(); ‘i);(f*(;*)]
59. Added value (AV) | max[P(y|x)— P(xy), P(x|y) — P(xx)]
*60. G " P(xy)+P(Xy) .
= P(x*)P(y)+-P(x*)P(*y)
1— P(x%)P(xy)— P(x%)P(+y)
1—P(xy)—P(xy)
61. Klosgen v/ P(xy) -AV
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Association Measures V

Context measures:

*62.
63.

64.
*65.

66.

67.
68.
69.
70.
7.
72.
73.
74.

*75.
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Context entropy
Left context entropy
Right context entropy

Left context divergence

Right context divergence

Cross entropy
Reverse cross entropy
Intersection measure
Euclidean norm

Cosine norm

Methodology

—Sw P(W|Gy) logP(w| Gy)
—Sy P(W|G)y) 1ogP(w|Gl)
— P(w|Cly) logP(w| Cly)
P(xx) logP(xx)
—wP(wIGl) logP(w| Gly)
P(xy) IogP(+y)

> wPwIGl) logP(w|GY)
~SwPW|C)log P(w|G))
—, P(W|Gy) log P(w|Gr)
2|GNG |

[GI+1G/1

Sw(P(w|G)—P(w|G)))?
>w PWIG)P(W|G))

Sw PWIG)2- Ty P(W|G)?
L1 norm Sw [P(w|G)—P(w|G)|
AR 3 PG PYIG Pl)
Reverse confusion prob. w M

Jensen-Shannon diverg.

31D((wI G| § (p(w] GeHp(w]Gy))
+D(p(W|Gy)|1 5 (p(WI G)+p(WIG))]

Association Measures Empirical Evaluation
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Association Measures VI

Methodology

76. Cosine of pointwise M/ ZW (w Q)
VoW M( S M(wy)?
*77. KL divergence Zw (W\Q() log pEw}g

*78. Reverse KL divergence
79. Skew divergence

80. Reverse skew divergence
81. Phrase word coocurrence
82. Word association

Cosine context similarity:

*83. inboolean vector space
84. in f vector space

85. in f- idf vector space

Dice context similarity:

*86. in boolean vector space
*87. in f vector space
*88. in f-idf vector space

P(w|G
Zw P(W\Cy”f’gp WG

)
((w\cx)uapw\cz, +(1—a)p(w| &)
(P(W|G)| | exp(w|Cx)+(1—c)p(w|Gy))
1(f(XIny>+ (y\@y))
2% f(xy) f(x)
1 fXIG)—fxy) | f(y|G)—f(xy)
2Tt e )
%(cos(cx Cxy)+Cos(Cy ,Cxy))
cz=(2); COS(vacy):%
VI x2/2 y?
2zj=5(f(wj| Cz))
=f(w;| &)

2 =1Wj1G)- gy F)=1x: we Gl

1 (dice(ex ,exy) +dice(ey ,Cxy)

2 -”m
c=(2)); dicc(cx,c}/):%
1 d
zi=0(f(w;| )
zj=1(wj| &)

2 =1(w;1C2)+ iy )= 1o Wi i
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Data

@ Source: Prague Dependency Treebank v 1.0
@ Sentences: 81 614
@ Word forms: 1 255 590

@ Dependency bigram types: 202 171
@ Reference bigram types: 21 597
@ Reference collocation candidates: 8 904

Reference data (collocation candidates) manually evaluated and annotated
according association strength.

kamen drazu, Zelezna opona 7
Cerny trh, pata kolmice 201
atomova energie, tlusta kniha | 2 698
na Slovensko, do Portugalska 484
(non-collocations) 5514

O =N wh
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Data

@ Source: Prague Dependency Treebank v 1.0
@ Sentences: 81 614
@ Word forms: 1 255 590

@ Dependency bigram types: 202 171
@ Reference bigram types: 21 597
@ Reference collocation candidates: 8 904

Reference data (collocation candidates) manually evaluated and annotated
according association strength.

4 | kamen drazu, Zelezna opona
3 | Cerny trh, pata kolmice 2 906
2 | atomova energie, tlusta kniha
1 | na Slovensko, do Portugalska
0 ‘ (non-collocations) 5998
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Data

@ Source: Prague Dependency Treebank v 1.0
@ Sentences: 81 614
@ Word forms: 1 255 590

@ Dependency bigram types: 202 171
@ Reference bigram types: 21 597
@ Reference collocation candidates: 8 904

Reference data (collocation candidates) manually evaluated and annotated
according association strength.

kamen drazu, Zelezna opona
Cerny trh, pata kolmice 30 %
atomova energie, tlusta kniha
na Slovensko, do Portugalska
(non-collocations) 70 %

O =N WwH
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Evaluation Metrics

|correctly classified collocations| |correctly classified colloc.|

Precision = |total classified as collocations| Recall = |total collocations|
cerveny kfiz 15.66
Zelezna opona 15.23
fadova carka 14.01
kuponova knizka 13.83
autor knihy 11.05

aritmeticka operace | 10.52
podavac papiru 10.17

nova kniha 10.09
kulaty stul 7.03
nova vina 6.59
Cerpaci stanice 6.04
systém typu 3.54
centrum mésta 1.54
na dalsi 0.54
program v 0.35
uroveri byt 0.25
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Evaluation Metrics

|correctly classified collocations| |correctly classified colloc.|

Precision = |total classified as collocations| Recall = |total collocations|
cerveny kfiz 15.66
Zelezna opona 115%23
fadova carka 14.01
kupdénova knizka 13.83
autor knihy 11.05

aritmeticka operace | 10.52
podavac papiru 10.17

nova kniha 10.09
kulaty stul 7.03
nova vina 6.59
Cerpaci stanice 6.04
systém typu 3.54
centrum mésta 1.54
na dalsi 0.54
program v 0.35
uroveri byt 0.25
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Evaluation Metrics

|correctly classified collocations|

s Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny Kfiz 1
Zelezna opona 115%23 Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 0
aritmeticka operace| 10.52 aritmeticka operace | 0
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
kulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

s Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny Kfiz 1
Zelezna opona 115%23 Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 0
aritmeticka operace| 10.52 aritmeticka operace | 0
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
kulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 0
aritmeticka operace| 10.52 aritmeticka operace | 0
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
kulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|

100 %

50 %
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
Cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupdnova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 0
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
Kkulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|

100 %

50 %
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
Cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupdnova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 0
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
Kkulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
kulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 0
nova kniha 10.09 nova kniha 0
kulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
Cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupoénova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 0
Kkulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
Cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupoénova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 0
Kkulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
85% 75%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupoénova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace| 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 1
Kkulaty stul 7.03 kulaty stul 0
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
85% 75%
75% 75%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupoénova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 1
kulaty stal 7.03 kulaty stal 1
nova vina 6.59 nova vina 0
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
85% 75%
75% 75%
77% 87%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kuponova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 1
kulaty stul 7.03 kulaty stal 1
nova vina 6.59 nova vina 1
Cerpaci stanice 6.04 Cerpaci stanice 0
systém typu 3.54 systém typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
85% 75%
75% 75%
77% 87%
70% 87%
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Colllocation Extraction

Evaluation Metrics

|correctly classified collocations|

sures Empirical Evaluation

__|correctly classified colloc.|

Precision = |total classified as collocations| Recall =
Cerveny kfiz 15.66 Cerveny kfiz 1
Zelezna opona 16,23} Zelezna opona 1
fadova carka 14.01 fadova carka 1
kupdénova knizka 13.83 kupdnova knizka 1
autor knihy 11.05 autor knihy 1
aritmeticka operace | 10.52 aritmeticka operace | 1
podavac papiru 10.17 podavac papiru 1
nova kniha 10.09 nova kniha 1
kulaty stul 7.03 kulaty stal 1
nova vina 6.59 nova vina 1
Cerpaci stanice 6.04 Cerpaci stanice 1
system typu 3.54 system typu 0
centrum mésta 1.54 centrum mésta 0
na dalsi 0.54 na dalsi 0
program v 0.35 program v 0
uroveri byt 0.25 uroveri byt 0

|total collocations|
100% 50%
80% 50%
83% 62%
85% 75%
75% 75%
77% 87%
70% 87%
72% 100%
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Colllocation Extraction

Evaluation M

|correctly classified collocations|

Precision =

Recall =

|total classified as collocations|

cerveny kfiz
Zelezna opona
fadova carka
kuponova knizka
autor knihy

aritmeticka operace

podavac papiru
nova kniha
kulaty stul
nova vina
Cerpaci stanice
systém typu
centrum mésta
na dalsi
program v
uroveri byt

15.66
15.23
14.01
13.83
11.05
10.52
10.17
10.09
7.03
6.59
6.04
3.54
1.54
0.54
0.35
0.25

cerveny Kfiz
zZelezna opona
radova carka
kuponova knizka
autor knihy
aritmeticka operace
podavac papiru
nova kniha
kulaty stul

nova vina
Cerpaci stanice
systém typu
centrum mésta
na dalsi
program v
urovern byt

Empirical Evaluation

__|correctly classified colloc. |

B G T S O R R R S

|total collocations|
100% 12%
100% 25%
100% 37 %
100% 50 %
80% 50%
83% 62%
8% 75%
75% 75%
77% 87%
70% 87%
72% 100 %
66% 100 %
61% 100%
57% 100 %
53% 100%
50% 100 %
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Colllocation Extraction Methodology ciation Measur

Precision-Recall Graphs

Empirical Evaluation

Precision-Recall
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Colllocation Extraction Methodology

Precision-Recall Graphs

Empirical Evaluation

Precision-Recall
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Colllocation Extraction Methodology Association Measures Empirical Evaluation

Precision-Recall Graphs

Precision-Recall
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Colllocation Extraction

The Best Methods

Methodology E r Empirical Evaluation

Precision-Recall graphs of the

st association measures of eac
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Colllocation Extraction ethodology

All Results

Empirical Evaluation

Precision (%)

Recall (%)
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Multivariate Statistics Statistical Classification Attribute Selection

Outline

e Multivariate Statistics
@ Statistical Classification

Pavel Pecina Collocation Extraction



Multivariate Statistics Statistical Classification Attribute Selection

Motivation |

@ Can we combine the association measures to get better results?

Candidates ranking by different association measures
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Multivariate Statistics Statistical Classification Attribute

Motivation |

@ Can we combine the association measures to get better results?

Candidates ranking by different association measures
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Motivation I

@ Can we combine the association measures to get better results?

Multivariate Statistics Statistical Classification

Attribute Selection

Data visualization in 2D using two association measures

0.9

Cosine context similarity in boolean vector space

Pavel Pecina Collocation Extraction

collocations
non-collocations
linear discriminant

0.7

8.8
Pointwise mutual information




Multivariate Statistics Statistical Classification Attribute Selection

Combining Multiple Methods

@ Voting

e Each method votes whether the candidate is or is not a collocation.
e The final vote is dependent on the majority of the these votes.

X1, Xo, X3, X4 ... Xp
L !
1 o 1 1 ... 0 =y

@ Regression

e Each association score is weighted by its coefficient.
e The final score is defined as combination of these weighted scores.

B1X1 + PBoXo + BaXs + BaXa + ...+ BnXp = ¥
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Multivariate Statistics Statistical Classification Attribute Selectio

Logistic Regression

exp50+ﬁ1 X1+B2Xe...+BnXn

P(xis collocation) = 3—=C s
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Multivariate Statistics Statistical Classification Attribute Selection

Logistic Regression

] ) expﬂtﬁ-ﬁﬁﬁ +B2X...+BnXn
P(X Is COIIOCatIOn) = 14+ exp50+ﬁ1 X1...+B2X2+BnXn

Combination of multiple methods by logistic regression

Precision (%)

Recall (%)
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Multivariate Statistics Statistical Classification Attribute

Logistic Regression

expﬂo+51 X1+B2Xe...+BnXn

P(X Is COIIOCatIOn) = 14+ exp50+ﬁ1 X1...+B2X2+BnXn

Combination of multiple methods by logistic regression

Precision (%)

Recall (%)
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Multivariate Statistics Statistical Classification Attribute Selection

Logistic Regression: Results |

Precision improvem

100
90
80
g
é 60
Pointwise mutual information
Logistic regression on all attributes baseline = 20.75 %
30
0 20 40 60 80 100
Recall (%)
Recall 30 60 90
P. mutual information 85.5 78.4 62.5
Logistic regression-17 92.6 89.5 84.5
Absolute improvement 71 11.1 22.0
Relative improvement 8.3 14.2 35.2
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Multivariate Statistics Statistical Classification Attribute Selection

Logistic Regression: Results

Recall improvement

Precision (%)

Pointwise mutual information

Logistic regression on all attributes baseline = 29.75 %
30
0 20 40 60 80 100
Recall (%)
Precision 90 80 70

P. mutual information 16.3 56.0 78.0
Logistic regression-17 55.8 86.7 96.7
Absolute improvement 39.2 30.7 17.7
Relative improvement 242.3 54.8 23.9
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Multivariate Statistics Statis cation  Attribute Selection

Outline

e Multivariate Statistics

@ Attribute Selection
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Multivariate Statistics Sta on Attribute Selection

Attribute Selection

@ Can we reduce the number of combined association measures?

@ Greedy attribute addition:

@ Start with an empty set of attributes.
© Add the attribute that leads to the best performance improvement.
© Repeat until any performance improvement can be achieved.

@ Greedy attribute removal:

@ Start with a full set of attributes.
@ Remove the attribute that doesn’t reduce the performance.
@ Repeat until any attribute can be removed.
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Multivariate Statistics St

Attribute Selection: Beginning

tion Attribute Selection

Logistic regressi all attributes (88 attributes)

Precision (%)

Recall (%)
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Multivariate Statistics Statistical Classification  Attribute Selection

Attribute Selection: End

reedy attribute selection using logistic regression (17 attributes)
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| Logistic regression on 17 selected attributes \\ baSé\!'”e =29.75% \ \
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Summary
Summary

@ Achieved results
e Empirical evaluation of 84 association measures.
Pointwise mutual information evaluated as the best measure.

e Statistical combination of multiple association measures.
Logistic regression leads to significant performance improvement.

e Selection of the best subset of association measures.
Greedy algorithm reduced number of association measures to 17.

@ Outlook

e Evaluation experiments on English PennTreebank
@ Perform experiments on a BIG data
e Contribution of collocations in real-world applications
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Appendix For Further Reading

For Further Reading

¥ Frantisek Cermak, Jan Holub
Syntagmatika a paradigmatika ¢eského slova: Valence a kolokabilita
SPN, Praha, 1982.

Q Christipher Manning, Hinrich Schiitze
Foundations of Statistical Natural Language Processing
MIT Press, USA, 1999.

Sabine Bartsch
Structural and Functional Properties of Collocations in English
Gunter Narr Verlag Tubingen, Germany, 2004.

Q Stephan Evert
The statistics of of word cooccurrences: Word Pairs and Collocations
University of Stuttgart, Germany, 2004.

Pavel Pecina
An Extensive Empirical Study on Collocation Extraction Methods
Proceedings of the ACL05 Student Research Workshop, USA, 2005.
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Appendix For Further Reading

That’s all folks . ..

Thank you!
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