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Intro

Processing morphology

@ Lemmatization: word — lemma
saw — { see, saw }

@ Morphological analysis: word — setOf(lemma + tag)
ignores context
saw — { (see, verb.past), (saw, noun.sg), }

© Tagging: word — tag (often also lemma)
considers context
saw @ Peter saw her. — { (see, verb.past) }

@ Morpheme segmentation: de-nation-al-iz-ation

© Generation: see + verb.past — saw
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Intro

Applications

e Parsing/chunking (used in machine translation, grammar
correction, etc.)

@ Text Generation

@ Search and information retrieval. One usually searches for a
lexeme not for a particular form.

@ Text-to-speech synthesis.
readpresent [rid] vs. readp,s: [red]
Russian: snegasg.gen VS. SN€gap/.nom/acc SNOW’

@ Spell checking

(Computer assisted) language learning.
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Intro

Creation /Acquisition

© manually provided rules
© machine learning

@ supervised — deduced from an annotated corpus
@ unsupervised — deduced from plain text

@ hybrid
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Tags

Tags and tagsets

e (morphological) tag — a symbol encoding morphological
properties of a word

o tagset — set of tags, depends on language and application
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Tags

Tags and tagsets

e (morphological) tag — a symbol encoding morphological
properties of a word

@ tagset — set of tags, depends on language and application

@ Penn Tagset: about 40 tags; VBD — verb in past tense
@ Czech Positional Tagset: about 4000 tags; VpNS---XR-AA---
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Tags

Tagsets for English: Penn Treebank

Tag Description Example Tag Description Example
CcC Coordin. Conjunction and, but, or SYM Symbol +,%, &
CcD Cardinal number one, two, three TO ‘to’ to
DT Determiner a, the UH Interjection ah, oops
EX Existential ‘there’ there VB Verb, base form eat
Fw Foreign word mea culpa VBD Verb, past tense ate
IN Preposition/sub-conj of, in, by VBG Verb, gerund eating
JJ Adjective yellow VBN Verb, past participle eaten
JIR Adj., comparative bigger VBP Verb, non-3sg pres eat
JJs Adj., superlative wildest VBZ Verb, 3sg pres eats
LS List item marker 1, 2, One WDT Wh-determiner which, that
MD Modal can, should WP Wh-pronoun what, who
NN Noun, sing. or mass llama WP$ Possessive wh- whose
NNS Noun, plural llamas WRB Wh-adverb how, where
NNP Proper noun, singular IBM $ Dollar sign $
NNPS Proper noun, plural Carolinas # Pound sign #
PDT Predeterminer all, both " Left quote (“or ")
POS Possessive ending 's " Right quote (" or™)
PP Personal pronoun I, you, he ( Left parenthesis (LG
PP$ Possessive pronoun your, one's ) Right parenthesis (1)} >)
RB Adverb quickly, never , Comma ,
RBR Adverb, comparative faster Sentence-final punc ")
RBS Adverb, superlative fastest Mid-sentence punc (i)
RP Particle up, off
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Tags

Czech positional tagset

Position  Name Description Example vidélo ‘saw’
1 POS part of speech verb
2 SubPOS detailed part of speech past participle
3 gender gender neuter
4 number number singular
5 case case n/a
6  possgender possessor's gender n/a
7  possnumber  possessor's number n/a
8  person person any
9 tense tense past tense
10 grade degree of comparison n/a
11  negation negation affirmative
12 voice voice active voice
13 reservel unused n/a
14 reserve2 unused n/a
15  var variant, register basic variant

Jirka Hana
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Tags

Universal Features

Lexical features Inflectional features
Nominal Verbal
PronType  Gender VerbForm
NumType  Animacy Mood
Poss NounClass  Tense
Reflex Number Aspect
Foreign Case Voice
Abbr Definite Evident
Typo Degree Polarity
Person
Polite
Clusivity
je'is’
VB-S---3P-AA-—-
AUX

VerbForm=Fin|Mood=Ind | Number=Sing|Person=3|Tense=Pres|Polarity=Pos|Voice=Act

https://universaldependencies.org/u/feat/
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Morphological analysis

Complications Approaches Linguistic Approach

MA: form — set(lemma X set(tag))
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MA

Morphological analysis

Complications Approaches Linguistic Approach

MA: form — set(lemma x set(tag))

English:  her — { (she, {PP }),
( her, {PP$})}

Czech: Zenou — { ( Zena 'woman’,
( hnat ‘hurry’,

Zeny — { ( Zena 'woman’,

{noun fem sing inst } ),
{verb pres pl 3rd } )}

{noun fem sing gen,
noun fem pl nom,

noun fem pl acc,

noun fem pl voc } )}
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MA Complications Approaches Linguistic Approach

Complications

e Stem internal (non-concatenative) alternations:
German: Stuhl — Stiihl-e, Vater — Viter

@ lrregularities:
English: goose — geese, sheep — sheep
Russian plural: knig-a — knig-i, stol — stol-y, but kofe —
kofe

e Phonological /graphemic alternations:
English: knife — knive-s, city — citi-es
e Homonymy:

English -s — 3rd person singular of verbs vs. plural of nouns
Czech -a / -e.
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MA

Complications (cont.)

Complications Approaches Linguistic Approach

Table: Homonymy of the -a ending in Czech

form lemma gloss category
mést-a mésto town NS2 noun neut sg gen
NP1 (5) noun neut pl nom (voc)
NP4 noun neut pl acc
tém-a téma theme NS1 (5) noun neut sg nom (voc)
NS4 noun neut sg acc
Zen-a Zena woman FS1 noun fem sg nom
pan-a pan man MS2 noun masc anim sg gen
MS4 noun masc anim sg acc
ostrov-a ostrov island 1S2 noun masc inanim sg gen
predsed-a  predseda  president MS1 noun masc anim sg nom
vidé-I-a vidét see verb past fem sg
verb past neut pl
vidé-n-a verb passive fem sg
verb passive neut pl
vid-a verb transgressive masc sg
dv-a dv-a two numeral masc sg nom
numeral masc sg acc
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Complications (cont.)

MA

Complications Approaches Linguistic Approach

Table: Ending -e and noun cases in Czech

case form lemma  gender gloss
nom kuf-e kure neuter chicken
gen  muz-e muz masc.anim. man
dat  mous-e moucha feminine fly

acC  muz-e muz masc.anim. man
voc  pan-e pan masc.anim. mister
loc  mous-e moucha feminine fly

inst - -
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MA Complications Approaches Linguistic Approach

Different Approaches

Handling phonological /graphemic variations and complex paradigm
systems:

O A linguistic approach: concatenative process + phonological
component

@ An engineering approach: Ending = what changes

Jirka Hana Basics of Computational Morphology



Intro Tags MA 2L Morph Engineering App. Annotation Complications Approaches Linguistic Approach

Approaches: Comparison

woman owl draft iceberg vapor fly
S1 Zen-a sov-a skic-a kr-a par-a mouch-a
S2 Zen-y sov-y skic-i kr-y par-y mouch-y
S3 zen-& sov-& skic-e ki-e par-e mous-e
P2 zen-0 sov-0 skic-0 ker-0 par-0 much-0

A linguistic approach

a a a a a a
3, y y : Yy y 5 y y
Zen + 4 sov + 3 skic + 3 kr + % par + % mouch + 4
0 0 0 0 0 0
An engineering approach
a a a ra ara oucha
Y y y . i ry ary ouchy
Zen+ Q% sovE 0% skic + 4 ¢ k+9ve P+ sre L PPN
0 0 0 er ar uch
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Intro Tags MA 2L Morph Engineering App. Annotation Complications Approaches Linguistic Approach

Linguistic Approach

@ Phonological component accompanying the simple
concatenative process of attaching an ending;
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MA Complications Approaches Linguistic Approach

Linguistic Approach

@ Phonological component accompanying the simple
concatenative process of attaching an ending;

@ Advantages:

e Small set of paradigms and morphemes
o Captures linguistics generalizations
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MA Complications Approaches Linguistic Approach

Linguistic Approach

@ Phonological component accompanying the simple
concatenative process of attaching an ending;

@ Advantages:
e Small set of paradigms and morphemes
o Captures linguistics generalizations

@ Problems:
o Requires a lot of linguistic work and expertise
e For many languages, the linguistic knowledge is not precise

enough
e It is usually not straightforward to translate even a precisely

formulated linguistic description of a morphology into the
representation recognized by such a system
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MA Complications Approaches Linguistic Approach

Linguistic Approach: Finite-State Morphology

@ Morphology analyzed by finite-state automata/transducers
@ Johnson 1972, Kaplan & Kay 1981, Beesley & Karttunen 2003
@ Two-level morphology Kimmo Koskenniemi (1983, 1984)
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MA Complications Approaches Linguistic Approach

What is finite state automaton (FSA)?

@ Introduced by Stephen C. Kleene (1956)
@ A kind of directed graph:
o Nodes are called states
o Each edge is labeled with an accepted string (possibly empty)
e One node is called the start state
o One or more nodes are called stopping (or accepting) states
@ Recognize/generate regular languages, i.e., languages
specified by regular expressions.
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MA Complications Approaches Linguistic Approach

An example

@ Regular expression: colou?r

@ Finite state machine:

C o [ o r
OO O O
(5)
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MA Complications Approaches Linguistic Approach

Some properties of finite state machines

@ Recognition problem can be solved in linear time (independent
of the size of the automaton).

@ There is an algorithm to transform each automaton into a
unique equivalent automaton with the least number of states.
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MA Complications Approaches Linguistic Approach

Deterministic Finite State Automata

A finite state automaton is deterministic iff it has
@ no € (empty) transitions and
@ for each state and each symbol there is at most one applicable
transition.
Every non-deterministic automaton can be transformed into a
deterministic one:
@ Define new states representing a disjunction of old states for
each non-determinacy which arises.

@ Define arcs for these states corresponding to each transition
which is defined in the non-deterministic automaton for one of
the disjuncts in the new state names.
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Intro Tags MA 2L Morph Engineering App. Annotation Complications Approaches Linguistic Approach

Finite State Transducers

@ Translate strings from one language to strings from another
language
@ Like a FSA, but each edge is associated with two strings.
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Intro Tags MA 2L Morph Engineering App. Annotation Czech derivation

Two-level morphology

@ Uses 2 levels

o lexical/underlying/deep forms
e surface forms
e one-one correspondence between symbols

c o u n t r vy 0 + s

o
o u n t r i e 0 s
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2L Morph Czech derivation

Two-level morphology

@ Uses 2 levels

o lexical/underlying/deep forms
e surface forms
@ one-one correspondence between symbols

c o u n t r vy 0 + s

o
o u n t r i e 0 s

@ Two components

o Linked lexicons — sets of (underlying forms of ) morphemes
e Phonological rules — relate lexical and surface forms
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Intro Tags MA 2L Morph Engineering App. Annotation

Czech derivation

Two-level morphology — Comple_

@ All this can be compiled into one big FST.
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Intro Tags MA 2L Morph Engineering App. Annotation Czech derivation

Two-level morphology — Complexity

@ All this can be compiled into one big FST.

@ Looks fast and efficient, but can encode any NP problem.

Jirka Hana Basics of Computational Morphology



2L Morph Czech derivation

Two-level morphology — Complexity

@ All this can be compiled into one big FST.
@ Looks fast and efficient, but can encode any NP problem.

@ Unrestricted null-characters make it even more complex.
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2L Morph Czech derivation

Two-level morphology — Complexity

@ All this can be compiled into one big FST.
@ Looks fast and efficient, but can encode any NP problem.
@ Unrestricted null-characters make it even more complex.

@ Reasonable morphology specifications are practically
computationally tractable.
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Intro Tags MA 2L Morph Engineering App. Annotation Czech derivation

Two-level morphology — Linked lexicons

) £

— prefixes —— roots ——— suffixes —
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2L Morph Czech derivation

Two-level morphology — Rules

@ relate underlying and surface forms
@ applied simultaneously
@ Form: lexical symbol : surface symbol operator context
Composite rule xy < LeftCtx __ RightCtx
x can is realized as y inn the given cxt
Context restriction rule xiy = LeftCtx __ RightCtx
x can be realized as y only in the given cxt
Surface coercion rule xiy <« LeftCtx _ RightCtx
x must be realized as y in the given cxt
Exclusion rule xy ¢ LeftCix __ RightCtx
x cannot be realized as y in the given cxt

e y:ie _ 0:e (y—ie)
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Czech: Soft co
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€ — e/ soft _;
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Intro Tags MA 2L Morph Engineering App. Annotation

Czech: Soft con

€ — e/ soft _; gic+€& — Cice
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2L Morph

hard + i/€ — depends on the origin of the vowel

Czech derivation

k+é€/i—
k+€&/i—

k+j

_>

h+&/i—
h+&/i—

h-+j

_>

g+&/i—
g+é&/i—

gtJ

d+é
d+j

t+é

t+je
ch

n
r

A

<N W
<

¢+e/i (1st)
<i+e/i (2nd)

C

Z+e/i (1st)
zv+e/i (2nd)

z

Z+e/i (1st)
z+e/i (2nd)

z

Jde/ — dé

z

/te/ — té

ce

/= n

matka
matka
tlak

biih
biih

mnoho

Jaga
Jaga

pedagog

rada
sladit

teta
platit

moucha

hon
var

Jirka Hana

matk+in — matcin
matk+€é — matce
tlac+jen — tlacen
biith+é — boZe

bih+i — bozi
mnoZ-jeni — mnoZenf

Jag+in — JazZin

Jag+€ — Jaze
pedagog-+jeni — pedagozeni 77
rad+é& — radé

slad+jeni — slazeni/sladéni

tet+€ — tete
plat+jeni — placeni not productive

mouch-+€é — mousSe ; musi
hon+it — honit ; honény
var-+it — varit ; vareni
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2L Morph Czech derivation

Neutral consonant + € depends on the origin of €

b+é — b+€ vrba vrb+€& — vrbé
b+je — b+e  zlobit  zlob+jeni — zlobeni

m+€& — m+é
m+je— m+e zlomit zlom+-jeny — zlomeny

p+€ — p+é
p+je — p+e  kropit  krop+jeni — kropeni

v+€ — v+é€
v+je — v+e  lovit lov+jeni — loveni

s+& — s+e  vosa vos+€& — vose

s+je — S+e  prosit  pros+jeni — proseni
— s+e  kosit kos+jeni — koseni

z+4+€ — z+e  koza koz+é — koze

z+je — Zz4e  kazit  kazjeni — kaZeni
— z+e  Fetézit Fetéz+jeni — Fetézeni

I+é — I+e  skola  skol+é& — skole
I+je — I4+e  skolit  skol+jeni — skoleni
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2L Morph

Czech derivation

Consonant cluster + soft vowel

st+4j—
sl+j—

sk

ck

¢k
¢k

—

éc

ct

Cistit

myslit
kamaradsky
kamaradsky
cacky
Cacky
Zlutoucky
Zlutoucky

Cist+jeni — Cist+eni — Cisténi ‘cleaning’
mysi+jeni — mysleni

kamaradsk—+i — kamaradsti
kamaradsk+é&jsi — kamaradstéjsi
cack+i — cacti

cack+é&jsi — cactejsi

Zlutouck+i — Zlutoulci

vevs
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Intro Tags MA 2L Morph Engineering App. Annotation Czech derivation

@ stems need to be categorized as following

e 1st palatalization

e 2nd palatalization

o Assimilation (tlak — tlacen).
e No alternation.
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Intro Tags MA 2L Morph Engineering App. Annotation Czech derivation

@ stems need to be categorized as following

o 1st palatalization

e 2nd palatalization

o Assimilation (tlak — tlacen).
o No alternation.

@ doktorka — doktorcin
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2L Morph Czech derivation

@ stems need to be categorized as following
o 1st palatalization
e 2nd palatalization
o Assimilation (tlak — tlacen).
o No alternation.
@ doktorka — doktorcin
arednik — ufednice — urednicin
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2L Morph Czech derivation

@ stems need to be categorized as following

o 1st palatalization
e 2nd palatalization

o Assimilation (tlak — tlacen).
o No alternation.

@ doktorka — doktorcin
trednik — drednice — tfedniéin

@ 159 paradigms instead of 219
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Engineering App.

Engineering approach

@ No (or very rudimentary) phonological component

@ Phonological changes and irregularities are factored into
endings and a higher number of paradigms.
Therefore the terms stem and ending have slightly different
meanings than they traditionally do. A stem is the part of the word
that does not change within its paradigm, and the ending is the part
of the word that follows such a stem.
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Engineering App.

Engineering approach (cont.)

o Advantages:

e high speed;

e simple implementation;

e straightforward morphology specification;

@ Problems:

o high number of paradigms (e.g. around 500 for Czech);

e Impossibility to capture even the simplest and most regular
phonological changes and so predict the behavior of new
lexemes;

e in theory, incapable of capturing some languages

e (Hajic 2004) for Czech; (Mikheev & Liubushkina 1995) for
Russian
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Intro Tags MA 2L Morph Engineering App. Annotation

Some annotation problems

@ Truly ambiguous text.
Mam rad maso na salvéji. — M or F?
Je to v kuchyni. —lemma kuchyné or kuchyn?
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Annotation

Some annotation problems

@ Truly ambiguous text.
Mam rad maso na salvéji. — M or F?
Je to v kuchyni. —lemma kuchyné or kuchyn?

@ Expressions from other languages (company names, logos,
song names, DJ's, horse names).
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Annotation

Some annotation problems

@ Truly ambiguous text.
Mam rad maso na salvéji. — M or F?
Je to v kuchyni. —lemma kuchyné or kuchyn?

@ Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?
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Annotation

Some annotation problems

@ Truly ambiguous text.
Mam rad maso na salvéji. — M or F?
Je to v kuchyni. —lemma kuchyné or kuchyn?

@ Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

@ Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...
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Some

Annotation

annotation problems

Truly ambiguous text.

Mam rad maso na salvéji. — M or F?

Je to v kuchyni. —lemma kuchyné or kuchyn?

Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...

Diachronic corpus? Lemmas changel over time.
kén, kuon, kin.
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Some

Annotation

annotation problems

Truly ambiguous text.

Mam rad maso na salvéji. — M or F?

Je to v kuchyni. —lemma kuchyné or kuchyn?

Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...

Diachronic corpus? Lemmas changel over time.

kon, kuori, kan.

Clitics

Jste-li pojisténi ...
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Some

Annotation

annotation problems

Truly ambiguous text.

Mam rad maso na salvéji. — M or F?

Je to v kuchyni. —lemma kuchyné or kuchyn?

Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...

Diachronic corpus? Lemmas changel over time.

kon, kuori, kan.

Clitics

Jste-li pojisténi ...

Tys to vidél?
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Some

Annotation

annotation problems

Truly ambiguous text.

Mam rad maso na salvéji. — M or F?

Je to v kuchyni. —lemma kuchyné or kuchyn?

Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...

Diachronic corpus? Lemmas changel over time.

kon, kuori, kan.

Clitics

Jste-li pojisténi ...

Tys to vidél?

Néams to nedal.
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Some

Annotation

annotation problems

Truly ambiguous text.

Mam rad maso na salvéji. — M or F?

Je to v kuchyni. —lemma kuchyné or kuchyn?

Expressions from other languages (company names, logos,
song names, DJ's, horse names). What if it is used differently
in the source language (La Manche)?

Text with errors, text of foreigners; hard-to-understand texts.
Tak Ze mislim, Ze kdy by byl sebe svim dité, ...

Diachronic corpus? Lemmas changel over time.

kon, kuori, kan.

Clitics

Jste-li pojisténi ...

Tys to vidél?

Néams to nedal.

Rare phenomena.
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Annotation

Cohen’s kappa (Cohen 1960)

@ The most popular measure of agreement between two
annotators.

@ Takes into account (somewhat) the possibility of chance

agreement.
_ Pr(a)—Pr(e)
® = TP

Pr(a) - the relative observed agreement
Pr(e) - the hypothetical probability of chance agreement

ta¥t,

Prie) = >, ="

t, — number of tags t assigned by annotator a
N — number of all tags

@ Weighted kappa — gives different weights to different errors .
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Annotation

e (Variant of) Kendall's tau - the minimal number of operations
necessary to turn one annotation into the other.

@ There are other measures.

@ High agreement is important but it is not everything:

e One can use use a tagset with a single tag.

e The annotation manual can be purely formal (Tag all sentence
initial words as topics).

e On the other hand, if iaa is below the accuracy of a tagger ...
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Tokenization

Intro Tags MA 2L Morph Engineering App. Annotation

e Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
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Intro Tags MA 2L Morph Engineering App. Annotation

Tokenization

@ Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo

@ 10-year, one-liners, self-proclaimed, je-li
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Annotation

Tokenization

@ Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
@ 10-year, one-liners, self-proclaimed, je-li

@ United Kingdom-United States relations
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Annotation

Tokenization

@ Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
@ 10-year, one-liners, self-proclaimed, je-li

@ United Kingdom-United States relations

e 5-3, 5-3+1, U+2010, 2:4, 14:34, 10:00-14:00
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Annotation

Tokenization

Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
10-year, one-liners, self-proclaimed, je-li

United Kingdom-United States relations

5-3, 5-34+1, U+2010, 2:4, 14:34, 10:00-14:00

10000, 10 000, 10,000
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Annotation

Tokenization

Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
10-year, one-liners, self-proclaimed, je-li

United Kingdom-United States relations

5-3, 5-34+1, U+2010, 2:4, 14:34, 10:00-14:00

10000, 10 000, 10,000

3.14159, 10.12., 10. prosince, U.S.A., H,O
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Tokenization

@ Vignatova-Mimochodska, Merriam-Webster's, Tumu-M'Pongo
@ 10-year, one-liners, self-proclaimed, je-li

@ United Kingdom-United States relations

e 5-3, 5-3+1, U+2010, 2:4, 14:34, 10:00-14:00

e 10000, 10 000, 10,000

e 3.14159, 10.12., 10. prosince, U.S.A., H,O

e km/h, A/C, s/he, byl(a), °C

o N40° 44.9064', W073° 59.0735’

°

www.noviny.cz/clanek-o-necem,
franta.novak@chytra-firma.com

@ cos, tys, polivkus; pron, ses, abys; kiizem krazem
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