Dependency Parsing and Constituency Parsing

Bagimli Cozimleme ve
Dilbilimsel Yapinin Olusturucularriile (POS) Cozimleme



Sozdizimsel Yapi (Syntactic Structure) /Constituency
and Bagimli Dilbilgisi Yapisi / Dependency Structure
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Sam thinks Sandy likes the book



Constituency (Syntactic) Structure /
Sozdizimsel Yapi

d Clumle yapisi sozclkleriic ice gegmis olgulara (68elere) gore dlizenler.
“*islemlere sozciiklerle baslanir. Bunlar POS (Part of Speech) etiketleri ile belirlenir
v the, cuddly, cat, by, the, door

v DT, JJ, NN, IN, DT, NN DT JJ NN N
dKelimeler birlesir ve ifadeler olusturulur. The  cuddly  cat by
**The cuddly cat, by, the door oT NN
*NP->DT JJ NN IN NP ->DT NN

the door

Q ifadeler (phrases) tekrarli bir sekilde daha buyuk ifadeler (phrases) olusturur.
the cuddly cat, by the door
NP PP->IN NP
the cuddly cat by the door
NP-> NP PP



Dependency Structure / Bagimlilik Yapisi

JHangi kelimelerin hangi diger kelimelere bagli oldugunu,
degistirdigini veya argumani oldugunu gosterir.

nmod
nSubj dobj case

Satellites spot whales from space



Dependency Parsing (Baglilik Ayristirmasi /
CozUimlemesi )

root

nsubj [ compound
f

L

nmod

[ prefer the morning  flight through Denver

Bir cimlenin s6zdizimsel yapisi, kelimeler arasindaki yonlendirilmis ikili dilbilgisi
iliskilerine gére tanimlanur.
s Sozcukler arasindaki iliskiler ciimlenin Ustiinde, cimlenin Ust ( head/ bas)
kisimlarindan bagimlilara dogru yonlendirilmis, etiketli tipli yaylarla gosterilir.
¢ Bir kok diglimi agacin kokiind, tim yapinin basini acikca isaretler.
 Typed dependency structure / tiplenmis baglilik yapisi olarak adlandirilir.
¢ Zira etiketler sabit bir dilbilgisi iliskileri birikiminden (envanter) cikariliyor.



Dependency ve Constituent Parsing (Ayristirma)
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Dependency Relations

root

Clausal Argument Relations Description

D
NSUBJ Nominal subject Lﬂ}
OBJ Direct object (1) _
I0BJ Indirect object '\d_ﬂJ nmod
CCOMP Clausal complement — .
Nominal Modifier Relations Description nsuby compound
NMOD Nominal modifier
AMOD Adjectival modifier , \ . .
APPOS Appositional modifier United canceled the morning  flights to Houston
DET Determiner
CASE Prepositions, postpositions and other case markers
Other Notable Relations  Description A Sik kullanilan iliskilerin temel kiimesi iki
CONIJ Conjunct ..
cc Coordinating conjunction ku m eye ay” I IT.

*** Genellikle bir fiile gore sozdizimsel rolleri
tanimlayan cumle iliskileri

s Sozciklerin baslarini (head)
degistirebilmesini kategorilere ayiran
degistirici (modifier) iliskiler

Clausal relations NSUBJ and DOBJ identify the subject and direct object of the predicate

cancel, while the NMOD, DET, and CASE relations denote modifiers of the nouns flights

and Hnirictnn

Universal Dependency /Evrensel Bagimlilik
projesinden bir 6rnek (2021)



Evrensel Baglilik (Universal Grammar)

liski Ornekleri

Relation Examples with /iead and dependent
NSUBIJ United canceled the flight.
OBIJ United diverted the flight to Reno.

We booked her the first flight to Miami.
[0OBJ We booked her the flight to Miami.
COMPOUND We took the morning flight.
NMOD flight to Houston.
AMOD Book the cheapest flight.
APPOS United, a unit of UAL, matched the fares.
DET The flight was canceled.

Which flight was delayed?
CONIJ We flew to Denver and drove to Steamboat.
ccC We flew to Denver and drove to Steamboat.
CASE Book the flight through Houston.



Transition-Based Dependency Parsing

Input buffer
Al " function DEPENDENCYPARSE(words) returns dependency tree
state +{ [root], [words], ] } ; initial configuration

1] | (b ‘ Dependency while stare not final

2| arser o, LEFTARC Relations »

— - Action SIGHTARG (- ORACLE(state) ~; choose a transition operator Lo apply
Stack [ Oracle | [ 7 - . .
e w3™ w2 state = APPLY(f, state)  apply It, creating a new state

— SHIFT

\ ) refurn state
sn

dCozumleyici (parser) cliimleyi soldan saga dogru isleme sokar.

dCimlenin 6gelerini arabellekten (buffer) yigina atanir.

dHer bir isleme adiminda yiginin en Ustlindeki iki 6ge incelenir.

dCoziimleyici (oracle) ayristirmayi olusturmak icin hangi dilbilgisi kuraliginin uygulanacagina
karar verir.

dOlasi gecgisler, giris cimlesi Gzerinde soldan saga her bir gecis icin kelimeleri inceler ve bir
bagimlhilik agaci olusturur.

dBunlar gerceklestirilebilecek sezgisel eylemlerdir.



Algoritmanin «Transition» Operatorleri

Algoritma uc¢ farkli operatér kullanir:

JLEFTARC: Yiginin en Ustlindeki kelime ile ikinci kelime arasinda (head-
dependent) basa-bagh bir iliski oldugu dogrulanir ve yigindaki ikinci kelime
vigindan cikarilir.

JRIGHTARC: Yigindaki ikinci kelime ile en Ustteki kelime arasinda basa-bagl
(head-dependent) bir iliski oldugu dogrulanir ve yiginin en listiindeki
kelime yigindan cikarilir.

ASHIFT: Kelime giris belleginden kaldirilir ve yigina atilir (push).

Not: LEFTARC ve RIGHTARC operatorleri «reduce» islemi gerceklestirir.
Algoritmanin isleyisi «shift —reduce parsing» ile esdegerdir.



Transition Dependency
Cozumleme Orneg;

function DEPENDENCYPARSE(words) returns dependency tree

state { [root], [words], [] } ; initial configuration

while stare not final
{4+ ORACLE(state) ~; choose a transition operator to apply
state + APPLY(1, state) ; apply i, creating a new state

return stare

Book me the morning  flight

(oh)
@ ' ¥
f Stack Word List ~ Relations
v | [root, book, me] ‘ [the, morning, flight] ‘

«me» sozcugu dahil yigina eklenenler

Stack ‘ Word List Relations RIGHTARC icin dogru operator belirlenmelidir.
[root, book]‘[the, morning, flight] | (book — me) «me» kelimesinin bagi /head olarak «book»
atanir ve «me» vyigindan cekilir (pop).

Stack ‘Word List‘ Relations

[root, book, the, morning, flight] ‘ | ‘ (book — me)

SHIFT operatoru birkac kere uygulanir ve adim adim
her sézcuk sira ile yigina atanir.



Cozumleme Ornegi / Transition Dependency (devam)

Stack \Word List\ Relations Tum sozcukler yigina gectigi icin artik tum islemler sol tarafta
[root, book, the, flight] | [] (book — me) yapilacaktir.

(morning + flight) Bu islemler uygun reduce operatorleri ile gergeklesir.
LEFTARC operatoru kullanilarak yandaki duruma erisilir.

Sonuc olarak cozumleme yandaki gibi elde edilecektir.

Book me the morning flight

O Etiketlenmis agaclarin (labeled tree) olusturulmasiicin parametrik olarak verilmeleri gerekir.

O LEFTARC ve RIGHTARC operatorlerinin baglilik etiketleri (dependency labels) LEFTARC (NSUBJ) ve
RIGHTARC(OB)) olarak betimlenecektir.



[E)Dt |

m \I r’_“* 1-~r:|—
L \ ¥/
Book the flight through I—Ious.t.on

JLEFTARC: Yiginin en Usttindeki kelime ile ikinci
kelime arasinda (head-dependent) basa-bagl
bir iliski oldugu dogrulanir ve yigindaki ikinci

kelime yigindan cikarilr.

JRIGHTARC: Yigindaki ikinci kelime ile en Ustteki
3 kelime arasinda basa-bagl (head-dependent)

bir iliski oldugu dogrulanir ve yiginin en

ustundeki kelime yigindan cikarilir.

Step Stack Word List Predicted Action
1. ne LEFTARC ne de RIGHTARC yazilabilir. [root] |  [book, the, flight, through, houston] SHIFT
Gunka bir baghlik etiketi icermez. 1 [root, book] | [the, flight, through, houston] SHIFT
3. Basa bagllik olusturmak icin LEFTARC 2 [root, book,lthe] [flight, through, houston] SHIFT
secilir 3 [root, book, the, flight] [through, houston] LEFTARC
4 [root, book, flight] [through, houston] SHIFT
Stack , _ Wordbuffer | Relations 5 [root, book, flight, through] |  [houston] SHIFT
[root, book, flight] ‘ [through, Houston] ‘ (the + flight) : , - ©
0 [root, book, flight, through, houston] (] LEFTARC
7 [root, book, flight, houston | (] RIGHTARC
8 [root, book, flight] (] RIGHTARC
9 [root, book] (] RIGHTARC
10 [root]| [l Done




«Dependency Parsing» Algoritmasinin Adim Adim Isleyisi

Step Stack | Word List Action Relation Added
0 [root] | [book, me, the, morning, flight] SHIFT
I [root, book| | [me, the, morning, flight] SHIFT
2 [root, book, me] | [the, morning, flight] RIGHTARC (book — me)
3 [root, book]| | [the, morning, flight] SHIFT
4 [root, book, the| | [morning, flight] SHIFT
d [root, book, the, morning] | [flight] SHIFT
6 | [root, book, the, morning, flight] | [ LEFTARC | (morning + flight)
7 [root, book, the, flight LEFTARC (the + flight)
8 [root, book, flight] RIGHTARC |  (book — flight)
9 [root, book RIGHTARC (root — book)
10 Done

[root




Constituency Parsing /Syntactic Parsing

Grammar Lexicon
S — NPVP Det — that | this | the | a
S — Aux NP VP Noun — book | flight | meal | money
S — VP Verb — book | include | prefer

NP — Pronoun

NP — Proper-Noun

NP — Det Nominal
Nominal — Noun
Nominal — Nominal Noun
Nominal — Nominal PP

VP — Verb

VP — Verb NP

VP — Verb NP PP
VP — Verb PP

VP — VP PP

PP — Preposition NP

Pronoun — I | she | me

Proper-Noun — Houston | NWA

Aux — does

Preposition — from | to | on | near | through




Belirsizlik (Ambiguity)

S S
/\ /\
NP VP NP A\
Pronoun Verb NP Pronoun VP PP
\ e PN
1 shor Det Nominal 1 Verb NP in my pajamas
an  Nominal PP shor Det Nominal
\ \
Noun in my pajamas an Noun
\ \
elephant elephant

Cumle dilbilgisi kurallarina gore iki farkli sekilde ¢cozumlenebildigi icin belirsizdir ve istenilen durum degildir.



Baglamdan Bagimsiz Dilbilgisi (CFG) Tanimi (tekrar)

G dilbilgisi 4 parametreli olarak (4-tuple) tanimlanir. Bunlar:
N, terminal olmayan sembollerin sonlu kiimesi
> terminal sembollerinin sonlu kiimesi ( N ile ortak elemani yoktur)
P kurallarin sonlu dizilisidir ve A — 3 formundadir.
A bir nonterminal semboldur,
B tdim sembollerin herhangi bir dizilisi olan dizgidir.
( 2 UN)* olarak gosterilir.
S baslangic semboludir ve bir nonterminaldir.



Baglamdan Bagimsiz Dilbilgisi (CFG) Tanimi (Tekrar)

A, B ve S gibi blylk harfler terminal olmayan sembolleri gosterir.

S baslangic semboliudir ve nonterminaldir.

o, B,y gibi kiiclik kiictk harfleri ( 22 UN)* dan tiretilmis dizgileri
gosterir.

Jd u, v, w gibiklcik Latin harfleri terminal sembollerinin bir dizilisi olan

dizgileri gdsterir.

Bir G dilbilgisi tarafindan olusturulan L(G) dili, S baslangic non
terminalinden baslayip adim adim tiretmelerle verilen giris cimlesinin

elde edilmesi dir.

L(G) ={w | weX* ve S=w* }



Olasiliksal Baglamdan Bagimsiz Dilbilgisi
Probabilistic Context Free Grammar (PCFG)

JCFG, bir cimlenin tanimlanan dilbilgisi kurallarina ait olup
olmadigini belirler.

JPCFG aynicumleicin olasiliklara bagli olarak farkli cozimleme
mekanizmalari sunar.

Vi —  sleeps 1.0 . . . e
S — NP VP | 1.0 VE o~  maw 10 | BirGdilbilgisi G=(N,, P,S) ile verildiginde
VP — Vi 0.3 NN — man 0.1
VP — Vt NP | 05 NN — woman 0.1 | P:a—p verildiginde q(a- B)=0 olmak tzere
VP — VP PP | 0.2 NN —  telescope | 0.3 | Herhangibir X€ N icin
NP — DT NN |08 NN _— ‘::’g 0-3
NP — NP PP |02 = = = L

IN —  with 0.6 Z ((X N ﬁ) — 1

a—f.a=X



Probabilistic context-free grammars (PCFGs)

For any derivation (parse tree) containing rules: l
...,y = [, the probability of the parse is: H q(a; = )
i=1

ay = P, o = p,

S

N

NP VP

N |
DT NN Vi

the man S]eeps

R q
S — NP VP | 1.0
VP —- Vi 03
VP — Vt NP |05
VP — VP PP |02
NP —- DT NN |08
NP — NP PP |02
PP — IN NP | 1.0

P(t) = (S = NP VP) X g¢(NP — DT NN) X ¢(DT — the)

X g(NN — man) X g(VP — Vi) X ¢(Vi — sleeps)

=]10Xx08x1.0x0.1x03x1.0=0.024

Vi — sleeps 1.0
Vt — saw 1.0
NN — man 0.1
NN — woman 0.1
NN — telescope | 0.3
NN — dog 0.5
DT — the 1.0
IN — with 0.6
IN — in 0.4

Why do we want Z gla — p) =17
a—p.a=X



Part-of-speech tagset

(& 8
CD
DT
EX

IN

1]
JJIR
JIS
LS
MD
NN
NNS
NNP
NNPS
PDT
POS
PRP
PP$
RB
RBR
RBS
RP
SYM

https://surdeanu.cs.arizona.edu/mihai/teaching/ista555-fall13/readings/PennTreebankConstituents.html

Penn Treebank

Coordinating conj.
Cardinal number
Determiner
Existential there
Foreign word
Preposition

Adjective

Adjective, comparative
Adjective, superlative
List item marker
Modal

Noun, singular or mass
Noun, plural

Proper noun, singular
Proper noun, plural
Predeterminer
Possessive ending
Personal pronoun
Possessive pronoun
Adverb

Adverb, comparative
Adverb, superlative
Particle

Symbol

TO
UH
VB
VBD
VBG
VBN
VBP
VBZ
wWDT
WP
WPS
WRB

infinitival 1o

Interjection

Verb, base form

Verb, past tense

Verb, gerund/present pple
Verb, past participle
Verb, non-3rd ps. sg. present
Verb, 3rd ps. sg. present
Wh-determiner
Wh-pronoun

Possessive wh-pronoun
Wh-adverb

Pound sign

Dollar sign
Sentence-final punctuation
Comma

Colon, semi-colon

Left bracket character
Right bracket character
Straight double quote
Left open single quote
Left open double quote
Right close single quote
Right close double quote



Penn Treebank

Phrasal categories

ADJP Adjective phrase

ADVP Adverb phrase

NP Noun phrase

PP Prepositional phrase

S Simple declarative clause

SBAR Subordinate clause

SBARQ Direct question introduced by wh-element
SINV Declarative sentence with subject-aux inversion
SQ Yes/no questions and subconstituent of SBARQ excluding wh-element
VP Verb phrase

WHADVP Wh-adverb phrase

WHNP Wh-noun phrase

WHPP Wh-prepositional phrase

X Constituent of unknown or uncertain category

- *

“Understood” subject of infinitive or imperative
Zero variant of thar in subordinate clauses
Trace of wh-Constituent



	Dependency   Parsing  and    Constituency Parsing���	Bağımlı Çözümleme ve  �Dilbilimsel Yapının  Oluşturucuları ile (POS) Çözümleme 
	Sözdizimsel Yapı (Syntactic Structure) /Constituency �and   Bağımlı Dilbilgisi Yapısı  /  Dependency  Structure 
	Constituency  (Syntactic) Structure  /�  Sözdizimsel Yapı
	Dependency Structure / Bağımlılık  Yapısı 
	Dependency  Parsing  (Bağlılık Ayrıştırması / Çözümlemesi ) 
	Dependency ve Constituent  Parsing (Ayrıştırma) 
	Dependency Relations 
	Evrensel Bağlılık (Universal Grammar) �İlişki Örnekleri 
	Transition-Based Dependency Parsing�
	Algoritmanın «Transition» Operatörleri 
	Transition Dependency �Çözümleme Örneği 
	Çözümleme Örneği / Transition Dependency (devam) 
	Slayt Numarası 13
	«Dependency Parsing» Algoritmasının Adım Adım İşleyişi 
	Constituency Parsing /Syntactic Parsing 
	Belirsizlik (Ambiguity) 
	Bağlamdan Bağımsız Dilbilgisi (CFG)  Tanımı (Tekrar) �
	Bağlamdan Bağımsız Dilbilgisi (CFG)  Tanımı  (Tekrar) 
	Olasılıksal Bağlamdan Bağımsız Dilbilgisi �Probabilistic Context Free Grammar (PCFG)
	Slayt Numarası 20
	Slayt Numarası 21
	Slayt Numarası 22

