Courses 5-6
Processing the natural language
Main issues and solutions



The research domain

 Computational Linguistics (CL) — gives the
theoretical background, linguistic models,
computational theories on language

* Natural Language Processing — applied CL
— natural language technology
— human language technology



Natural language technology

* Spoken language — speech processing
 Written language

* Language in correlation with other
modalities (multimodality)



Speech technologies

* Interpreting human voice
— reprezentation of vocal signal
— speech recognition (speech to text - S2T)
— prosody analyses
— speaker recognition

* Synthesizing human voice
— speech synthesis

— prosody synthesis



Processing human speech signal
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Written language technologies

* Document segmentation and interpretation

— cleaning (ellimination of dots, enhancing contrast,
etc.)

— separation of text from image, curved lines...

— recognising printed, semi-uncial characters and
handwriting

» Optical Character Recognition (OCR)
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Written language technologies

* Analysis and understanding of written
language
— sub-syntactic processing
* lexical units
e sentence splitting
* clause borders
* part of speech and morphological information
* lemmas
* entity names

e groups (nominal, verbal, prepozitional, etc.) and lexical
attractions (colocations)



Sentences

The Legal Commission of the Chamber of
Deputies voted Monday against the initiation of
criminal prosecution of Rovana Plumb, the
resigning minister of the European Funds, after
hearing her, along with the lawyer, for about an
hour by lawmakers. | Rovana Plumb once again
declared herself, when out of hearings in the
legal commission, innocent of the accusations
made by anticorruption prosecutors. |




Clauses

On September 22, DNA announced that | Deputy
Prime Minister Sevil Shhaideh is suspected of |
committing service abuse when he was a state
secretary at MDRAP, in a dossier that, in 2013, |
through the concerted action of some public
officials, parts of the Belina Island and the Pavel
Brass illegally passed from the State property to
property of Teleorman County and in the
administration of Teleorman County Council, | just a
few days after, they also being illegally leased to a
private company. |



Lexical units

Solicitat sa comenteze un editorial recent al lui
Dinu Patriciu, In care acesta preciza ca nu
crede in social-liberalism si sa aprecieze daca,
astfel , a dat o lovitura de imagine USL ,

Antonescu a spus ca nu stie daca Patricius - a
referit la USL .




Name entities

On September*22, DNA announced that Deputy
Prime Minister Sevil Shhaideh is suspected of
committing service abuse when he was a state
secretary at MDRAP, in a dossier that, in 2013,
through the concerted action of some public
officials, parts of the Belina Island and the Pavel
Brass illegally passed from the State property to
property of Teleorman County and in the
administration of Teleorman County Council, just a
few days after, they also being illegally leased to a
private company.



Name entities

—

On September 22;BNA announced that Deputy
Prime Minister Sevil Shhaideh.is suspected of
committing service abuse when he was a state
secretary at MDRAP, in a dossier that, in 2013,
through the concerted action of some public
officials, parts of the Belina Island and the Pavel
Brass illegally passed from the State property to
property of Teleorman County and in the
administration of Teleorman County Council, just a
few days after, they also being illegally leased to a
private company.



g Name entities

N\ =

On Sepotember 22, DNA announced that Deputy
Prime Ninister Sevil Shhaideh is suspected of
committing service abuse when he was a state
secretary at, MDRAP, in a dossier that, in 2013,
through the ¢oncerted action of some public
officials, parts of the Belina Island and the Pavel
Brass illegally passed from the State property to
property of Teleorman County and in the
administration of Teleorman County Council, just a
few days after, they also being illegally leased to a
private company.



Name entities

R . S

On September 22, 2NA announced that Deputy
Prime Minister Sevil Shriaideh is suspected of
committing service avuse whewn,he was a state
secretary at MDRAP, in a~dossier that, in 2013,
through the\concerted action-of some puilic
officials, parts of the\Belina Island and the Pavel
Brass illegally passed from the State property to
property of Teleorman Ceunty and in the
administration of Teleorman County Council, just a
few days after, they also being illegally leased to a
private company.



Lemma and the part of speech

Solicitat — solicita — vb

Sa — Sa — conj
comenteze — comenta — vb
un —un — art.nehot.
editorial — editorial — sb
recent — recent — adj



Morphological annotation

* English

He he subj:>2 @SUBJ PRON

did do v-ch:>4 @+FAUXV V

not not neg:>2 @ADVL NEG-PART
know know main:>0 @-FMAINV V

her she subj:>6 @OBJ PRON
name name obj:>4@-FMAINV V

o b WN PO

e Romanian

<TOK ID="TOK478" root="Nu" pv="Particle" Type="negation">Nu</TOK>

<TOK ID="TOK479" root="sti" pv="Verb" Type="main" Mood="indic."
Tense="imperfect" Person="third" Number="singular">stia</TOK>

<TOK ID="TOK480" root="cum" pv="Adverb" type="int_rel">cum</TOK>

<TOK ID="TOK481" root="el" pv="Pronoun" Type="pers" Person="third"
Gender="feminine" Number="singular" Case="accusative">o0</TOK>

<TOK ID="TOK482" root="chema" pv="Verb" Type="main" Mood="indic."
Tense="present" Person="third">cheama</TOK>
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Nominal phrases

Solicitat sa comenteze [un editorial recent al lui
[Dinu Patriciul]], in [care] [acesta] preciza ca nu
crede in [social-liberalism] si sa aprecieze

daca, astfel, a dat [o lovitura de [imagine]]

[USL], [Antonescu] a spus ca nu stie daca

[Patriciu] s-a referit la [USL].




Annotation of nominal phrases

<NP ID="NP903" HEADID="W3190" VERBPOS="W3191">

<W ID="W3190" POS="PRON" NUM="SG" GENDER="M" ROLE="SUBJ" LEMMA="he"
LINK="W3191" LINKTYPE="subj">He</W> </NP>

<W ID="W3191" POS="V" ROLE="+FAUXV" LEMMA="do" LINK="W3193" LINKTYPE="v-ch">did</
w>

<W ID="W3192" POS="NEG-PART" ROLE="ADVL" LEMMA="not" LINK="W3191"
LINKTYPE="neg">not</W>

<W ID="W3193" POS="V" ROLE="-FMAINV" LEMMA="know" LINK="W3189"
LINKTYPE="main">know</W>

<NP ID="NP1188" HEADID="W3195">
<NP ID="NP904" HEADID="W3194" VERBPOS="W3189" >

<W ID="W3194" POS="PRON" NUM="SG" GENDER="F" ROLE="OBJ"
LEMMA="she" LINK="W3195“ LINKTYPE="subj">her</W> </NP>

<W ID="W3195" POS="V" ROLE="-FMAINV" LEMMA="name” LINK="W3193"
LINKTYPE="0bj">name</W> </NP>
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Written language technologies

* Language analysis and understanding

— syntactic processing
e grammatical formalisms
* parsing =P syntactic structure of the sentence



Syntactic ambiguities

Maria priveste calul cu ochelari.

(Maria watches the horse with spectacles.)
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NP

VP

NP

PP

NP
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NP

PP

NP

Maria

priveste

calul

cu

ochelari
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Elementary NLP tools

* Tokenizer: get the word boundaries
— Input: raw text
— Output: <tok id=*...">word</tok>
— How: by regular expressions



Elementary NLP tools

 POS-Tagger: Part-of-Speech tagging (morfo-
syntactic disambiguation)
— Input: <tok id=*"..."”>word</tok>

— Qutput: <tok id="...” POS=“...">word</tok>

— How: by exploiting the frequencies of occurance of
adjacent POSs => optimise globally the sequence of
tags

The saw made noise.



Elementary NLP tools

 Lemmatiser: get the base form of words

— Input: <tok id=“...” POS="...">word</tok>
— QOutput: <tok id="...” POS=*...” lemma="...">word</
tok>

— How: by using a dictionary and exploiting frequencies
of occurance of adjacent lemmas

The saw made noise.

o~~~

e Saw made niGise
see make



Elementary NLP tools

* NP-Chunker: detect Noun Phrases
— Input: sequence of <tok> elements
— Output: <npid=“...">...</np>
— How: apply regular expressions



Elementary NLP tools

* NER: recognise Name Entities and classify them
— Input: raw text
— Output: <neid="..." type =“...”>...</ne>

— How: based on regular expressions, large lists of
entity names specialised per language (gazeteers)



Written language technologies

* Language analysis and understanding

— Semantic and discourse processing
e semantic disambiguation =2 word senses
* semantic roles labelling

rhetorical structure of discourse and dialogue

anaphora resolution

text summarisation



Coreferential chains

place in one of the

Winston|was just taking
middle rows when two people whom|helknew by

sight, but had never spoken to, came
unexpectedly into the room.

One of them was a girl whe often passed in
the corridors. did not know her name, but!
knew that she worked In the Fiction Department.
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Coreferential chains

Winston was just taking his place in one of the

middle rows when ffwo people|jwhom he knew by

sight, but had never spoken_te; came
unexpectedly into the room.

One ofwas a girl whom he often passed in
the corridors. He did not know her name, but he

knew that she worked in the Fiction Department.
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Coreferential chains

Winston was just taking his place in one of the
middle rows when two people whom he knew by
sight, but had never spoken to, came
unexpectedly into the reem-
mwaswhom he, often passed in
the corridors. He did not knowname, but he
knew that orked in the Fiction Department
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Coreferential chains

Winston|was just taking|his|place in one of the

middle rows when

sight, but had never spoke
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Word senses are determined by their
contexts

lon se prinse in hora cu o fata cu cosite lungi.
Cand fata iapa ta?

Ma mai dau o data pe pdrtia rosie.
I-am dat una peste mana.
Maria a dat cartea inapoi.

M-am scos...
Mi-am scos maseaua de minte.



Pre-processing

TEXT

I Tokeniser SENT-SPLITTER

I POS-tagger + Lemmatiser

TOK(POS,LEM)
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NP-chunking, NER

TOK(POS,LEM)

NP-chunker

NER_perso' NE R_NR—O“‘;

TOK+NP TOK+NP TOK+NP
+NE(PER) +NE(TIME) +NE(ORG)

TOK+NP+NE
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Coreference, syntactic parsing

TOK+NP+NE

TOK + NP+NE
+COREF

TOK(POS,LEM)

TOK+SENT

' FDG-parser

TOK+SENT

+SYNT

TOK+NP+NE+COREF
+SENT+SYNT
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Events

TEXT

TOK+NP+NE+COREF

+SENT+SYNT

-
lEVENI—ﬁn‘a’er
Vg

TOK+NP+NE+COREF

+SENT+SYNT+EVENT

manuatannotation
I

7/
7/
4
4

T
S|mpI‘|fzcat|on

-
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Kinship and Space

—
-----~
l
—

‘ .
ﬁ'\a‘nuaJ annotation
~

manuatannotation ~
>,
N \

7/
7/
4
4

T
smpl}ﬂ’zcahon

TOK+NP+NE+COREF
+SENT+SYNT

KINSHIP-find SPACE-finder

TOK+NP+NE+COREF
+SENT+SYNT+KINSHIP

TOK+NP+NE+COREF
+SENT+SYNT+SPACE
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Kinship relations: exemple

- Las ca cu tine ma rafuiesc dupa, ii scapa printre dinti
omului ei Donca, nevasta calugarului zbanghiu
Zuicu, care-1 adusese la el acasa pe lon si pe
presedinte.

Aposition: Per-X, Rel (atrib) Per-Y,,,, =>
marriage(X:person[sex:?], Y:person|[sex:?])

marriage(Donca:person|[sex:f], Zuicu:person[sex:m])



Kinship relations: exemple

- For forty years, Ella Rubinstein, ’s life was as a
standing water... Her, husband, David, was a
successful dentist...

Aposition: Per-X,., .., Rel, Per-Y, =>

marriage(antecedent(X):person[sex:?],
Y:person[sex:?])

marriage(Ella Rubistein:person([sex:f],
David:person[sex:m])



Spatial relationships: exemple

At five versts of satul lui Filatov
Aremziansk yurts,
in the middle of
the river Irtas, lies
the island of
Kuntai. Filatov's :

(

village is on the
left bank, two

versts from the /'*és’;:— S verate
island. . .

iurtele Aremziansk




An example of callibration of a Module

Suppose we want to build a Tool performing a specific task.
Then we have to build 3 modules:

*The Training Module (TM)
*The Tool itself (X)
*The Evaluation Module (EM)



The Training Module

* This module extracts a model which will be used by the Tool.

preferencesTraining.pref

Corpus

[ Training ]B Training Module jl> model




The Module X

* This module applies an algorithm on the input and transforms
it according to the learned model.

model

input.xml \‘

A

preferencesX.pref

The module X

—> H putxm
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The Evaluation Module

A

)

Evaluation Module

* This module evaluates the Test file against the Gold file.

evallLog 1
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Evaluation measures

* Precision =
#itemi In comun n Test & Gold/#itemi in Test

e Recall =
#itemi in comun in Test & Gold/#itemi in Gold

* F-measure=2*P*R /(P +R)



General Arhitecture

= }]E>c>c><:r;:‘]

U

gz
U
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Calibration system
4 )

_________________________________________________________________________

preferencesTraining.pref

I_> preferencesSegmenter.pref

preferencesEvaluation.pref

configuration.cfg |:>

input.xml

—>
—>

Optimal values

Training
Corpus
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Any elementary NLP tool participating
in @ processing chain

txt

A
parameters

input v output
standard Module X standard
input output
A

resourses

standard
resourses

@



Events happen in time

Cénd a intrat in camera,,, lon a aprins lumina,,,.

Dupa cinci minute a iesit,,. La iesire a stins

lumina,,.




Events happen in time

Cand a intrat in camera,,, lon a aprins lumina,,,.

Dupd cinci minute a iesit,,. La iesire a stins

lumina,,.

Two types of temporal expressions:

* |nstants...
el:tl /e2:t1/ e3:t2=t1+5min / e4:t2

tl t2
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Events happen in time

Cand a intrat in camera,,, lon a aprins lumina,,,.

Dupd cinci minute a iesit,,. La iesire a stins

lumina,,.

Two types of temporal expressions:
e ...and intervals:

5 minutes
tl,- A <2
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Events can be...

* |[nstantaneous:

lon a iesit din camera. :

»  time
Maria s-a intdlnit cu proful de mate. L
* Take time:

lon a citit toata seara.

Afara ploua. | ,

T time

52




Signals for temporal relations

Cand a intrat in camera,,, lon a aprins lumina,,.

Dupa cinci minute a iesit,,. La iesire a stins

lumina,,.
cinde, e; <> t(e) = t(e)
e. Dupd <interval> e, = t(e)) = t(e;)+<interval>

La <reference(e)> e, > t(e) = t(e))

5 minute
tl,- A <2

> timp




Type of reasoning where
time matters

l. Sam‘tgai S.R.L. a luat fiinta la 23 ianuarie 1984.

S

—
(&[Falimentul tzrme‘ﬁ)a avut loc la un an dupa Qnﬁin,tarea e_iD

.
Ly
y

un an l

Cand a falimentat Samurai S.R.L. ?+




Processing statements

a luat fiinta

subj compl evenimential
! T~ representation
i - d=obi la
Samurai S.R.L.(id=0obj1) N l

"\

23 januarie 1984

| ISA

Samurai S.R.L. REC
TIME
23 ianuarie 1984

<object ID="0bj1” ISA="companie” NAME="Samurai S.R.L.”/>
<event ID="ev1” ISA="a lua fiintd” REC="0obj1” TIME="23.01.1984"/>

55



a avut loc

Sllbj /\ COl’l’lpl
«— T
falimentarea la
latrib. genit? PP l
firmei det an
e T~
un dupa
infiintarea

latrib. genit?

el

rezolutia
anaforelor

-

subj
e

falimentarea

latrib. genit?

obj1

compl

un

1 simplificéri

daca are_loc falimentarea lui
X atunci X falimenteaza

a falimenta

compl

T~

la

PP l
o referinta
o~ anaforici la un
un eveniment deja

mentionat




Processing statements

a falimenta

subj /\ compl
—
objl

temporal
expression
anchored in
another event

evenimential
representations

<event ID="ev2” ISA="a falimenta” REC="“obj1” TIME="timex1”’/>

<timex ID="timex1” TYPE="after” REF=“ev1” DUR=*1"” UNIT="year”/>
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Computing time

<object ID="0bj1” ISA=“companie” NAME=“Samurai S.R.L.”/>

<event ID="ev1” ISA=“a_lua_fiinta” REC=“obj1” TIME="23.01.1984"/>
<event ID="ev2” ISA="a_falimenta” REC="“0bj1” TIME="timex1”/>

<timex ID="timex1” TYPE="after” REF="ev1” DUR="“1"” UNIT="year”/>

!

<event ID="ev2” ISA="a_falimenta” REC=“obj1” TIME="23.01.1985"/>



The QuoVadis corpus

SIENKIEWIC f](:
'\

o Qué \/\DIS
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A corpus of entities and semantic
relations
* Entities —types:

— persons
— gods

— groups of persons and gods
— body parts

e Semantic relations mentioned between these
entities

60



Entities — examples

* Characters (Marcus Vinicius, Ligia), groups (the
Christians, the soldiers);

At the text level: nominal groups (the young
patrician, son of the consul);

* Imbricated referential expressions:
[daughter [of Aulus],],
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Types of relations

* Anaphoric
* Semantic

— kinship

— affective
— social
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Anaphoric relations

* coref

* coref-interpret

* member-of, has-as-member (inverse)

e jsa, class-of (inverse)

e part-of, has-as-part (inverse)

* subgroup-of, has-as-subgroup (inverse)

* has-name, name-of (inverse)

1:[Acteeal... 2:[the young libert]... => [2] coref [1]
1:[2:[his] right hand] => [1] part-of [2]
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Kinship relations

parent-of

child-of (inverse of parent-of)
grandparent-of and grandchild-of (inverse)
sibling (symmetrical)

ant-uncle-of, nephew-of (inverse relation)
cousin-of (symmetrical)

spouse-of (symmetrical)

unknown

1:[the second husband of 2:[Popeia]] => [1] spouse-of [2]
1:[sister of 2:[Petronius]] => [1] sibling-of [2]
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Social relations

* superior-of

* inferior-of

* jn cooperation-with
* colleague-of

* jn competition-with
* opposite-to

Liberating 1:[her], 2:[Nero]... => [2] superior-of [1]
1:[The young man] fought under the command of 2:[Corbulon] =>
[1] inferior-of [2]
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Affective relations

* Jove

* Joved-by

* hate

* hated by
* upset
friendship
worship

* anger

Pe 1:[Vinicus] il cuprinse o mdnie naprasnica impotriva
2:[imparatului] si impotriva 3:[Acteii] => [1] anger
[2], [1] anger [3]
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Annotation

<ENTITY ID="E8" TYPE="PERSON"> <W id="44" LEMMA="casatori">casatorise</W>

<W id="28" LEMMA="Marcus">Marcus</W> <W id="45" LEMMA="cu">cu</W>

<W id="29" LEMMA="Vinicius">Vinicius</W> <KINS.I.-”P ID= K||||\161 FROM="E15" TO="E14" TRIGGER="46
TYPE="parent-of">

</ENTITY>

<ENTITY ID="E15" TYPE="PERSON">
<W id="46" LEMMA="tatd">tatdl</W>
<ENTITY ID="E14" TYPE="PERSON">

<W id="30" LEMMA="fi">era</W>

<KINSHIP ID="KIN57" FROM="E12" TO="E11" TRIGGER="31"
TYPE="child-of">

<ENTITY ID="E12" TYPE="PERSON"> <W id="47" LEMMA="acesta">acestuia</W>
<W id="31" LEMMA="fiu">fiul</W> </ENTITY>
<KINSHIP ID="KIN53" FROM="E11" TO="E10" TRIGGER="32" </ENTITY>
TYPE="sibling-of"> </KINSHIP>
<ENTITY ID="E11" TYPE="PERSON"> </KINSHIP>
<W id="32" LEMMA="s0r3">surorii</W> <SOCIAL ID="SOC9" FROM="E17" TO="E16" TRIGGER="49"
<ENTITY ID="E10" TYPE="PERSON"> TYPE="inferior-of">
<W id:“33" LEMMA="S§U">Sa|e</W> <ENTITY ID:’IE17" TYPE:“PERSON“>
</ENTITY> <W id="49" LEMMA="consul">consul</W>

<W id="50" LEMMA="pe">pe</W>
<W id="51" LEMMA="vreme">vremea</W>
<W id="52" LEMMA="el">lui</W>

<W id="34" LEMMA="mai">mai</W>
<W id="35" LEMMA="mare">mari</W>

</ENTITY>
</KINSHIP> <ENTITY ID="E16" TYPE="PERSON">
</ENTITY> <W id="53" LEMMA="Tiberiu">Tiberiu</W>
</KINSHIP> </ENTITY>
<W id="36" LEMMA=","> </W> </ENTITY>
<KINSHIP ID="KIN59" FROM="E13" TO="E15" TRIGGER="44" </SOCIAL>
TYPE="spouse-of"> <W id="54" LEMMA=".">.</W>
<ENTITY ID="E13" TYPE="PERSON">
<W id="37" LEMMA="care">care</W> <REFERENTIAL ID="REF37" FROM="E12" TO="E8" TYPE="coref" /
</ENTITY> REFERENTIAL>
<W id=|l38u LEMMA=" ||> </W> <REFERENT|AL |D="REF38“ FROM="E13" TO="E11" TYPE=“C0ref" /
. . REFERENTIAL>
<W id="39" LEMMA="cu">cu</W>
id="40" TR . <REFERENTIAL ID="REF39" FROM="E14" TO="E8" TYPE="coref" /
<W id="40" LEMMA="an">ani</W> REFERENTIAL>

<Wid="41" LEMMA="Tn_urma">in urma</w> <REFERENTIAL ID="REF40" FROM="E17" TO="E15" TYPE="class-
<W id="42" LEMMA=",">,</W> of" /REFERENTIAL> 67

<W id="43" LEMMA="sine">se</W>



Statistics involving the corpus

7.281 sentences

146.822 words and punctuation signs

24.636 entities mentions

22.301 referential relations

755 AKS relations (Affective + Kinship + Social)
752 triggers
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Example: relations love and

worship

o Refresh Graph
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Affective relations fear-of and hate
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Relations between Vinicius and other
characters
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Distribution of semantic relations
involving Vinicius

Vinicius' Relationships
worship

hate 39

friend-of 59
8%

nephew-of
4%

aunt/uncle-of
1% 1% 6%




Linguistics Linked Open Data (LLOD)

- Development of techniques that will allow to
decipher the semantic content of texts
- abstracts (general, focused on certain characters),
- narrative lines (e.g. the evolution of feelings between
Vinicius and Ligia)
- static connections between entities (e.g. genealogic
trees),

- statistics over entities (e.g. dominating sentiments
among Christians as compared to those among
Romans)



Linguistics Linked Open Data (LLOD)

- Generation of ontologies from treaties

- applications able to “read” texts refering to a domain
and to formalise the concepts and their relations

- Intelligent documents retrieval

- personalised agents in the research activity



