Cursul 13
Notiuni de
prelucrare a limbajului natural



Domeniul

* Lingvistica computationala (LC) — osatura
teoretica
— computational linguistics

* Prelucrarea limbajului natural — zona aplicativa
— natural language processing

— tehnologia limbajului natural, natural language
technology

— tehnologia limbajului uman, human language
technology



Tehnologia limbajului natural
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Tehnologiile limbajului vorbit

* Interpretarea vocii
— reprezentarea semnalelor vocale
— recunoasterea vorbirii
— analiza prozodiei
— recunoasterea vorbitorului

 Sinteza vocala



Prelucrarea semnalului sonor
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Tehnologiile limbajului scris

* Tehnologii primare
— Analiza imaginii documentelor
— Recunoasterea caracterelor de tipar

— Recunoasterea caracterelor de mana
» Optical Character Recognition (OCR)



Ms. 45 BAR Cluj-Napoca, second half
of 17t century

Arabic number, added
on page by other hand,
in archiving process

Running title with
“r* written above

Running title with
“s* written above

Page number with literal
number

Marginal glosses

Different types
of writing in
the revised
copy of Nicolae
Milescu’s
translation of
Septuaginta, p.
412-413

Literal number
on the left side

Mark of continuous text,
unphragmented in verses
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Literal number

e A e NPT werses oa Literal number, written
catd e e |

interlines, resumed
after the translated
edition of Septuaginta

"‘:1 i...;.“"?z_,?;;z the right side of
the same
columns




Tehnologiile limbajului scris

* Analiza si intelegerea limbajului
— prelucrari sub-sintactice

* unitatile lexicale
* granitele de fraza

granitele de propozitii

partea de vorbire si marca morfologica

lema

numele de entitati

grupurile (nominale, verbale, prepozitionale etc.) si
atractiile lexicale (colocatii)



Fraze

Comisia juridica a Camerei Deputatilor a votat
luni impotriva inceperii urmaririi penale a
ministrului demisionar al Fondurilor Europene,
Rovana Plumb, dupa ce aceasta a fost audiata,
alaturi de avocat, aproximativ o ora de catre
deputatii juristi. | Rovana Plumb s-a declarat,
din nou, la iesirea de la audierile din comisia
juridica, nevinovata de acuzatiile aduse de
procurorii anticoruptie. |



Propozitii

Pe 22 septembrie, DNA a anuntat ca | vicepremierul
Sevil Shhaideh este suspecta de | savarsirea
infractiunii de abuz in serviciu | cand era secretar de
stat la MDRAP, intr-un dosar conform caruia, in
2013, | prin actiunea concertata a unor persoane cu
functii publice, | parti din Insula Belina si Bratul
Pavel au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, | pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private. |




Unitati lexicale

Pe 22 septembrie, DNA a anuntat ca vicepremierul
Sevil Shhaideh este suspecta de savarsirea
infractiunii de abuz in serviciu cand era secretar de
stat la MDRAP , intr-un dosar conform caruia, in
2013, prin actiunea concertata a unor persoane cu
functii publice, parti din Insula Belina si Bratul Pavel
au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private.




Entitati cu nume

Pe 2. septembrie, DNA a anuntat ca vicepremierul
Sevil Shhaideh este suspecta de savarsirea
infractiunii de abuz in serviciu cand era secretar de
stat la MDRAP, intr-un dosar conform caruia, in
2013, prin actiunea concertata a unor persoane cu
functii publice, parti din Insula Belina si Bratul Pavel
au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private.



Entitati cu nume

™~

Pe 22 septembrie, DNA a anuntat ca vicepremierul
Sevil Shhaideh este suspecta de savarsirea
infractiunii de abuz in serviciu cand era secretar de
stat la MDRAP, intr-un dosar conform caruia, in
2013, prin actiunea concertata a unor persoane cu
functii publice, parti din Insula Belina si Bratul Pavel
au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private.



Entitati cu nume

—

Pe 22\septembrie, DNA a anuntat ca vicepremierul
Sevil Shhaideh este suspecta de savarsirea
infractiunii de abuz in serviciu cand era secretar de
statila MDRAP, intr-un dosar conform caruia, in
2013, prin actiunea concertata a unor persoane cu
functii publice, parti din Insula Belina si Bratul Pavel
au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private.



Entitati cu nume

| e

Pe 2! septemibrie, 2NA a anuntat ca vicepremierul
Sevil Shhaideh este suspdnta de savarsirea
infraciiunii e abuz Thserviciu ¢&ad era secretar de
stat [aIMDRAP intr-un dosar conformidearuia, in
2013, grin actiuhea concertata a unor persdane cu
functii publice, parti din Insula Belina si Bratul Pavel
au trecut ilegal din proprietatea statului in
proprietatea judetului Teleorman si in administrarea
CJ Teleorman, pentru ca, doar la cateva zile, sa fie
inchiriate tot ilegal unei firme private.



Lema si partea de vorbire

Solicitat — solicita — vb

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



Adnotarea morfologica

* 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

v b WN PO

¢ 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">0</TOK>

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

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].




Adnotare la grupuri nominale

<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</
wW>

<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="0OBJ"
LEMMA="she" LINK="W3195“ LINKTYPE="subj">her</W> </NP>

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

19



Tehnologiile limbajului scris

* Analiza si intelegerea limbajului
— prelucrari sintactice

e formalisme gramaticale
* parsarea =@ structura sintactica a frazei



Maria priveste calul cu ochelari.

Ambiguitati sintactice

NP

VP

NP

PP

NP

NP

Maria

priveste

calul

cu

ochelari

VP

NP

PP

NP

Maria

priveste

calul

cu

ochelari
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Instrumente de baza in PLN

* Tokenizer: determina granitele unitatilor lexicale
— intrare: text (sir de caractere)
— jesire: <tok id=*"..."”>cuvant</tok>
— cum: prin expresii regulate



Instrumente de baza in PLN

 POS-Tagger: etichetare |la parte de vorbire
(dezambiguizare morfosintactica)

— intrare: <tok id=*...”>cuvant</tok>
— iE$if‘€Z <tok id="...” POS="..."”>cuvant</tok>

— cum: exploatand frecventele de aparitie a anumitor
secvente de parti de vorbire => optimizare globala a
secventelor de etichete

The saw made noise.

DET- VN N
NV



Instrumente de baza in PLN

e Lematizator: determina forma de baza a

cuvintelor

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

— iE$if‘€Z <tok id="...” POS="...” lemma="...">word</
tok>

— cum: pe baza unui dictionar de leme si exploatand
frecvente de aparitie a secventelor de leme =>
optimizare globala

The saw made noise.

the  Saw made  1oise
see make



Instrumente de baza in PLN

* NP-Chunker: detecteaza grupuri nominale
— intrare: secvente de elemente <tok>
— lesire: <npid="...">...</np>
— cum: aplicand expresii regulate



Instrumente de baza in PLN

* NER (name entity recogniser): recunoaste si
clasifica nume de entitati

— intrare: text
— iE$iFEZ <ne id="..." type =“...">..</ne>

— cum: pe baza de expresii regulate si liste foarte mari
de nume de entitati specializate pe limbi (gazeteers)



Tehnologiile limbajului scris

* Analiza si intelegerea limbajului
— Prelucrari semantice si de discurs
» dezambiguizare semantica = sensurile cuvintelor

 determinarea rolurilor semantice ale verbelor
* structura retorica a discursului si dialogului

rezolutia anaforelor
* rezumarea textelor



Lanturi coreferentiale

Winston|was just taking|his|place in dne of the
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. drd not know her name, but!
knew that she worked In the Fiction Department.

28




Lanturi coreferentiale

Winston was just taking his place in one of the

middle rows when ffwo peoplejwhom 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.



Lanturi coreferentiale

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 knoaname, but he
knew that orked in the Fiction Department
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Lanturi coreferentiale

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

middle rows when

sight, but had never spoke

31



Cuvintele isi precizeaza sensul in context

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

1194)

l Tokeniser SENT-SPLITTER

POS-tagger + Lemmatiser

TOK(POS,LEM)
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NP-chunking, NER

TOK(POS,LEM)

NP-chunker

NER_perso' wER_time NER_org

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

TOK+NP+NE

34



Coreference, syntactic parsing

TOK(POS,LEM)
TOK+NP+NE

TOK + NP+NE

+COREF
TOK+SENT

' FDG-parser

TOK+SENT
+SYNT

TOK+NP+NE+COREF
+SENT+SYNT




Events

1194)

TOK+NP+NE+COREF
+SENT+SYNT

-
‘EVENI—ﬁn‘d’er
V4

TOK+NP+NE+COREF

+SENT+SYNT+EVENT

manuUat armotati?n
S

7
7/
4
s

e d
S|mplllfzcat|on

-

36



Kinship and Space

—
------
—
—

~ .
Ma‘nugl annotation

~
manuat anhotation ~
\\ A

7
7/
4
s

e d
5|mplllfzcat|on

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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Relatii de rudenie: exemplu

- 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.

Apozitie: Per-X, Rel (atrib) Per-Y,,,, =>
marriage(X:person[sex:?], Y:person|[sex:?])
marriage(Donca:person|[sex:f], Zuicu:person[sex:m])



Relatii de rudenie: exemplu

- Vreme de patruzeci de ani viata Ellei Rubinstein,
fusese ca o apa statatoare... Sotul ei,, David, era un
dentist de succes...

Apozitie: Rel Per-X . on, PEr-Y, =>

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

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



Relatii spatiale: exemplu

La cinci verste de satul lui Filatov
iurtele
Aremziansk, in
mijlocul raului
Irtas, se afla
ostrovul Kuntai. ?

l
:

Satul lui Filatov

se afld pe malul /”Z,i.; S
A v 5 verste 2 verste
stang la douad . »
|

verste de ostrov.

iurtele Aremziansk



Events happen in time

Cand 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,,.

Dupa 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

42



Events happen in time

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

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

lumina,,.

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

5 minutes
tl,- A <2

43



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

44




Signals for temporal relations

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

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

lumina,,.
cénde, 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

=k o'h

» timp

45




Type of reasoning where
time matters

l. Sam&’ai S.R.L. a luat fiinta la 23 ianuarie 1984.

S

—
(&[Falimentul erme‘)f}a avut loc la un an dupa Qnﬁin}area e_iD

.
Ly
y

un an l

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




Processing statements

a luat fiinta I

subj compl evenimential | ISA

~— representation
: : . la Samurai S.R.L. REC
Samurai S.R.L.(id=obj1) \ -

PP \ TIME
23 ianuarie 1984

<object ID="0bj1” ISA="companie” NAME="Samurai S.R.L.”/>
<event ID="ev1” ISA="a lua fiinta” REC="0bjl1” TIME="23.01.1984"/>



a avut loc

subj /\ compl
- T
falimentarea la
latrib. genit? PP l
firmei det an
e T~
un dupa
infiintarea

latrib. genit?

el

rezolutia
anaforelor

-

subj
4

falimentarea

latrib. genit?

obj1

compl

un

1 simplificari

daca are_loc falimentarea lui
X atunci X falimenteaza

a falimenta

compl

'S

la

PP l

o referinta
o~ anaforici la un
un eveniment deja

mentionat




Processing statements

a falimenta

subj /\ compl
e

obj1

temporal
expression
anchored in
another event

evenimential
representations

<event ID="ev2” ISA="a falimenta” REC="0obj1” 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="obj1” TIME="“timex1”/>

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

!

<event ID="ev2” ISA="a_falimenta” REC=“0bj1” TIME=“23.01.1985"/>



Corpusul ‘QuoVadis’

SIENKIEWIC ’1(:
'\

o Qué \/\DIS
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Un corpus de entitati si relatii
semantice
* Tipuri de entitati:
— persoane
— zej

— grupuri de persoane si zei

— parti fizice
* Relatii semantice exprimate intre aceste tipuri
de entitati

52



Entitati

* Personaje (Marcus Vinicius, Ligia), grupuri (crestinii,
soldatii);

 La nivelul textului: grupuri nominale (tdnarul

patrician, fiul consulului);
* Entitati incluse:
[Te], [iubesc; REALISATION=INCLUDED],, Marcus!
* Expresii referentiale imbricate:
[fiica [lui Aulus],],

53




Tipuri de relatii

e Anaforice

* Semantice
— rudenie
— afective

— sociale
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Relatii anaforice

e coref

* coref-interpret

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

e jsa, class-of (inverse)

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

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

1:[Acteeaql]... 2:[tdnara liberta]... => [2] coref [1]
1:[mdéna 2:[lui] dreapta] => [1] part-of [2]
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Relatii de rudenie

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:[celui de-al doilea sot 2:[al Popeii]] => [1] spouse-of [2]
1:[sora lui 2:[Petronius]] => [1] sibling-of [2]
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Relatii sociale

* superior-of

* nferior-of

* in cooperation-with
* colleague-of

* jn competition-with
* opposite-to

Eliberdnd- 1:[0], 2:[Nero]... => [2] superior-of [1]
1:[Tandarul] luptase sub comanda 2:[lui Corbulon] =>
[1] inferior-of [2]
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Relatii afective

* Jove

* Joved-by

* hate

* hated by
* upset
friendship
worship

* anger

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

58



Adnotarea

<ENTITY ID="E8" TYPE="PERSON">

<W id="28" LEMMA="Marcus">Marcus</W>
<W id="29" LEMMA="Vinicius">Vinicius</W>
</ENTITY>

<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="31" LEMMA="fiu">fiul</W>
<KINSHIP ID="KIN53" FROM="E11" TO="E10" TRIGGER="32"
TYPE="sibling-of">
<ENTITY ID="E11" TYPE="PERSON">
<W id="32" LEMMA="sorad">surorii</W>
<ENTITY ID="E10" TYPE="PERSON">
<W id="33" LEMMA="s3u">sale</W>
</ENTITY>
<W id="34" LEMMA="mai">mai</W>
<W id="35" LEMMA="mare">mari</W>
</ENTITY>
</KINSHIP>
</ENTITY>
</KINSHIP>
<W id="36" LEMMA=","> </W>
<KINSHIP ID="KIN59" FROM="E13" TO="E15" TRIGGER="44"
TYPE="spouse-of">
<ENTITY ID="E13" TYPE="PERSON">
<W id="37" LEMMA="care">care</W>
</ENTITY>
<W id="38" LEMMA=",">,</W>
<W id="39" LEMMA="cu">cu</W>
<W id="40" LEMMA="an">ani</W>
<W id="41" LEMMA="in_urma">in urma</W>
<W id="42" LEMMA=","> </W>
<W id="43" LEMMA="sine">se</W>

<W id="44" LEMMA="c3satori">casatorise</W>

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

<KINSHIP ID="KIN61" FROM="E15" TO="E14" TRIGGER="46"
TYPE="parent-of">

<ENTITY ID="E15" TYPE="PERSON">
<W id="46" LEMMA="tata">tatal</W>
<ENTITY ID="E14" TYPE="PERSON">
<W id="47" LEMMA="acesta">acestuia</W>
</ENTITY>
</ENTITY>
</KINSHIP>
</KINSHIP>

<SOCIAL ID="SOC9" FROM="E17" TO="E16" TRIGGER="49"
TYPE="inferior-of">

<ENTITY ID="E17" TYPE="PERSON">

<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>

<ENTITY ID="E16" TYPE="PERSON">
<W id="53" LEMMA="Tiberiu">Tiberiu</W>
</ENTITY>

</ENTITY>

</SOCIAL>

<W id="54" LEMMA=".">.</W>

<REFERENTIAL ID="REF37" FROM="E12" TO="E8" TYPE="coref" /
REFERENTIAL>

<REFERENTIAL ID="REF38" FROM="E13" TO="E11" TYPE="coref" /
REFERENTIAL>

<REFERENTIAL ID="REF39" FROM="E14" TO="E8" TYPE="coref" /
REFERENTIAL>

<REFERENTIAL ID="REF40" FROM="E17" TO="E15" TYPE="class-
of" /REFERENTIAL>



Statistici asupra corpusului

7.281 fraze

146.822 cuvinte si semne de punctuatie
24.636 mentiuni de entitati

22.301 relatii referentiale

755 relatii AKS (Affective + Kinship + Social)
752 triggere

T B Ul ia
/D"“ J "’
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Example: relatiile love si worship

7o Refresh Graph
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Relatiile afective fear-of si hate

7o Refresh Graph
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Relatiile lui Vinicius cu alte personaje

2 Refresh Graph
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Distributia relatiilor semantice in care
este implicat personajul Vinicius

Vinicius' Relationships
worship

hate 39%

friend-of 59
8%

nephew-of
4%

aunt/uncle-of
1% 1% 6%
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Linguistics Linked Open Data (LLOD)

- Dezvoltarea de tehnici care vor permite
descifrarea continutului semantic al textelor

rezumate (generale, partiale, focalizate pe personaje),
linii narative (e.g. evolutia sentimentelor dintre Vinicius
si Ligia)

conexiuni statice intre entitati (e.g. arbori genealogici),

statistici asupra entitatilor (e.g. sentimentele
majoritare ale crestinilor comparate cu cele ale
romanilor)



Linguistics Linked Open Data (LLOD)

- Generarea de ontologii din colectii de tratate

- aplicatii care “citesc” tratatele unui domeniu si
formalizeaza conceptele si instantele acestora

- Cautare documentara inteligenta

- asistenti personalizati ai activitatii de cercetare



