OCHOBbI OBPABOTKN TEKCTOB

JNekuna #8:
CuHTaKkcu4ecKkmumm aHanms

INektop: M.H.c. NCI'T PAH Mawvopos Bnagnmup Oumntpuesuny



CuHTaKecuc

- [MpegnoxeHne — 3TO egMHULIA sA3blka, KOTopas
npegcrtaBnseT cobor rpaMmmaTM4eCKM OpraHn3oBaHHOE
coeanHeHune cnos, obnagarLlee CMbICIIOBOM
3aKOHYEHHOCTbIO.

- [pammaTtuka — pasgen NMUHIBUCTUKN, KOTOPbIN U3ydaeT
3aKOHOMEPHOCTU MOCTPOEHUA NpaBUIbHbIX
OCMDbICJIEHHbIX peYeBbIX OTPE3KOB (CroBOOPM,
CITOBOCOYETaHUN, NPEeaNOXXEHNN, TEKCTOB).

- CMHTaKcnc — pasaern NUHIBUCTUKN, U3yYatoLLnj 1
MOZENUPYIOLLINIM NMpaBuma, No KOTopbiM 00pa3yoTcs
eauHuLbI, 6bonee KpynHble, YeEM CITIOBO, @ MMEHHO
CNOBOCOMETAHUSA U NPEOSIOXKEHUS.



CUHTaKcu4yeckasa CTPYKTypa

- [pencraBneHne NpeanoXXeHnsa B BUAE BIIOXEHHbIX
COCTaBMAKLMX.

- CocTtasnawwasa (ppasa, CMHTaKcu4yeckas rpynna) —
CTPYKTYpHasi eanHuua rnpearioXXeHnsa, CoctaBieHHas 13
bonee TECHO CBA3aHHbLIX APYr C APYroM COCTaBMsAOLWMX
MeHbLLEero pasmepa.

Omutpun cneLwmnn Ha paboTy




CUHTaKcmn4eckue npasuna

- CyLluecTBUTENBHOE YNpaBnsaeT npunaratenbHbIM

______________________
_____________________
_________________________________________

________________________________________



CUHTaKcu4eckue npasuna

- B 3aBMCMMOCTM OT rMaBHOMo CrioBa B CITOBOCOYETAHUN
BblOAEITAOT
- MIMeHHble rpynnbl (rMaBHOE — CYLLECTBUTENbHOE)

[pynna npunaratesibHoro

HapeyHas rpynna

[MpennoxHas rpynna

[ maronbHas rpynna

[NpeanoxeHue

meHHagqa rpynna




CUHTaKcu4eckas CTPYKTypa

- Kaxkaou coctaBngaowen HasHa4yaeTcda TUM B 3aBUCUMOCTU
OT rMaBHOIO ClioBa

5
TN
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NOUN VERB PREP NOUN

Omutpnn cnewmnn Ha paborty




[ pamMMmaTMKa 3aBUCUMOCTEN

- GopmarnbHaga Mogenb OnNUcaHnsa CTPYKTYpbI
CIOBOCOYETaHUM (NpeasioxXeHnn)

- OnucbIBaeTcAa B BUOE Mepapxum crioB, Mexay KoTopbiMu
YCTaHOBIEHO ODMHAPHOE OTHOLLEHME 3aBUCUMOCTM

- PasnunyatoT T1nbl 3aBUCUMOCTEN (COOTBETCTBYHOT TUNAM
CUHTaKCUYECKMX NpaBu)

onpen




[ pamMmMmaTrKa 3aBUCUMOCTEN

- lepeBo cocTaBMSALWMX MOXET OblTb NMpeobpasoBaHo B

OepeBO 3aBUCUMOCTEN

Omntpun cnewwun Ha paboty




[ pamMMmaTMKa 3aBUCUMOCTEN

- He Bce cnHTakcnyeckme OTHOLWEHUS NOAYNHUTENbHbIE
- CounHuTenbHaga rpynna

YT N .V "

Omntpuin n Oner Omntpun 7 Oner OmnTpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns

— \/_\

Al |noemo | | pblby | |,| |a]| |OH| | cobupaeT | | rpndbl
 _ ~_ N

Al |noemo | | pblby | |,| |a]| |OH| | cobupaeT | | rpudbl
— " N

Al |noeno | | pblby | |,||a]| |OH]| | cobupaeT | | r(pudbl
el — o~

Al |noemo | |pblby | |,| |a]| |OH| | cobupaeT | | rpndbl




[ pamMmMmaTrKa 3aBUCUMOCTEN

- He Bce cMHTaKcM4yecKkne OTHOLLIEHUSA NOAYNHUTENbHbIE

- CouymHuTENbHAS rpynna
COYMH  COYMH

Y N O\ Y~ N N\

Omutpuin n Oner Omutpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns
CEHT-COM CEHT-CO4

./ \I I/—i _— CuHTarPyc
 _ ~_ N
Al |noemo | | pblby | |,| |a]| |OH| | cobupaeT | | rpudbl
— —~~" N
Al |noeno | | pblby | |,||a]| |OH]| | cobupaeT | | r(pudbl
el — o~
Al |noemo | |pblby | |,| |a]| |OH| | cobupaeT | | rpndbl




[ pamMmMmaTrKa 3aBUCUMOCTEN

- He Bce cMHTaKcM4yecKkne OTHOLLIEHUSA NOAYNHUTENbHbIE

- CouymHuTENbHAS rpynna
COYMH  COYMH

Y N O\ Y~ N N\

Omutpuin n Oner Omutpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns
CEHT-COM CEHT-CO4

./ \I I/—i _— CuHTarPyc
~_ N
Al |noemo | | pblby | |,| |a]| |OH| | cobupaeT | | rpudbl
— Y_\
A | | nosno | | poiby | |, cobupaet | | rpudbl

-/i UD SynTagRus
T 11 e



Universal Dependencies

- 83 A3blKa
- YHnBepcanbHbI HAbop rpaMMaTUYECKUX KaTeropumn
- YHnBepcanbHbIl HAOOP CUHTAKCUYECKNX OTHOLLIEHNI

- 146 HabopoB aaHHbIX (CONLL-U dopmar)
- HacTb pa3smedeHa Bpy4YHYO
- HacTb ckoHBepTUpoBaHa 13 gpyrnx goopmaTtons

https://universaldependencies.orq



https://universaldependencies.org/

L
CoNLL-U dpopmat

- Tab-separated dpopmat ¢ 10 KonioHKaMu

ID || FORM || LEMMA || UPOS || XPOS || FEATS || HEAD || DEPREL || DEPS || MISC

- |ID — Homep croBa B npeanoxeHun (c 1);

- FORM - cnoBo unu 3Hak NyHKTyauuu,

- LEMMA - HavanbHaa dpopma crnosa,;

- UPOS - yHuBepcanbHas 4acTb peyn (13 cnucka UD);

« XPOS - yTOo4YHEHMe YyacTu peyn onga KOHKPETHOro A3blKa;
- FEATS - cnncok mopdonornyeckmx npu3Hakos CrnoBsa;

- HEAD — ID rnaBHoOro crnosa anga gaHHoro cnosa; 0 anst KopHs
npennoXeHus;

- DEPREL - meTKka 3aBUCUMOCTU OT MaBHOIo CrioBa;
- DEPS - nHgopmauma ons ycuneHHoro rpadpa 3aBuCMMOCTEN;
- MISC - nobble gononHUTENbHbIE CBEAEHUA



[ pamMmMmaTrKa 3aBUCUMOCTEN

- He Bce cMHTaKcM4yecKkne OTHOLLIEHUSA NOAYNHUTENbHbIE

- CouymHuTENbHAS rpynna
COYMH  COYMH

Y N O\ Y~ N N\

Omutpuin n Oner Omutpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns
CEHT-COM CEHT-CO4

./ \I I/i _— CuHTarPyc
 _ ~_ N
Al |noemo | | pblby | |,| |a]| |OH| | cobupaeT | | rpudbl
— —~~" N
Al |noeno | | pblby | |,||a]| |OH]| | cobupaeT | | r(pudbl
_— = / UD SynTagRus
Al |noeno | | pbiby | |,||a]| |oOH| | cobupaeT | | rpmbbl




MeToabl AMHaMUYEeCKoro

NporpaMMmMpoOBaHUS

- HekoTopoe obobLeHne anroputma CKY ans rpammaTtuk
3aBUCUMOCTEN
- CTtpounTtca gepeBo pasdbopa npearioXXeHna CHU3Y-BBEPX
- Ha kaxxgom aTtane paccmartpuBaroTca NOACTPOKN UCXOO4HOW CTPOKHK

- Ecnu noacTpoka cocTouT U3 ABYX epeBbeB, OLIEHMBAETCS NeBast U
npasasi ayra Mexay HUMU:

« score(A) = score(B) + score(C) + score(arc)

- BapuaHTbl P

- Anroputm KonnuHca. CnoxHocTs 0(n°) B C
- Anroputm JAiicHepa. CroxHocTb 0(n)




Transition-based parsing

- Cucmema repexo0o8 COCTOUT U3
- C — MHOXXECTBO KOHpurypauum
- T — MHOXecCTBO nepexodos. t:C — C
— OYHKUMA MHULManu3aunm
Ct C — MHOXXECTBO KOHEYHbIX KOHJUrypaumn

- KoHgbuzypayusi COCTOUT n3:
- X — CTeK

- B — bydpep
- A — MHOXecTBO 3aBucumocteln (i, 1, j)

. I_IOCJ'IeJJ,OBaTeJ'IbHOCTb nepexoaoB A4 rnocnegoBarteribHOCTU x.
* Cp = Cs(x)
= t(cl 1) = 1..m
° Cm € Ct



Transition-based parsing

- Anroputm
- MNony4nTb Ha4YanbHy KOHUrypauuto ¢ = c;(x)
- [loka c & C;
- BbibpaTb nepexop t = argir:nax Score(c,t)

- BoinonHutb nepexopn ¢ = t(c)
- I3Bneyb MHOXXeCTBO 3aBUCUMOCTEN U3 c. A



Arc-standard

- NHnymnanusauus
« cs(x =xq ...x,,) = ([0],[1, ...,n], D)
- KOHEeYHOoe coCcTosiHME
- Cc={c€eClc=([0],[]4)}
- [lepexoabl
- (Shift) (0,1ilBl,4) - ([olil, B, A)
- (LeftArc;) ([olilj],B,A) = (laljl,B, AU {(j,[,i)}),ecnui # 0
- (RightArc)) ([olilj],B,A) = ([alil, B,AU {(i,1,))})




Arc-standard

Crek bydep
<root> | || booked || a || flight || from || Moscow
3aBUCUMOCTH

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
<root> | || booked || a || flight || from || Moscow
3aBUCUMOCTH

| || booked || a || flight || from || Moscow




Arc-standard

CTtek bydep

I booked || a || flight || from || Moscow

<root> 3aBMCUMOCTU

| || booked || a || flight || from || Moscow




Arc-standard

CTtek bydep

I booked || a || flight || from || Moscow

<root> 3aBMCUMOCTU

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep

booked a || flight || from || Moscow
| 3aBMcMMOCTH

<root>

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep

booked a || flight || from || Moscow
| 3aBMcMMOCTH

<root>

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
booked a || flight || from || Moscow
<root> 3aBnMcUMocCTu

(booked, subj,I)

subj

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
booked a || flight || from || Moscow
<root> 3aBnMcUMocCTu

(booked, subj,I)

subj

| || booked || a || flight || from || Moscow




Arc-standard

Crek Bydep
a flight || from || Moscow
booked 3aBucmmocTu
<root> (booked, subj, I)
subj
N

| || booked || a || flight || from || Moscow




Arc-standard

Crek Bydep
a flight || from || Moscow
booked 3aBucmmocTu
<root> (booked, subj,I)

subj

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
flight from || Moscow
a 3aBucmmocTu
booked (booked, subj, I)
<root>
subj
Y N\

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
flight from || Moscow
a 3aBucmmocTu
booked (booked, subj, I)
<root>

subj

| || booked || a || flight || from || Moscow

LeftArcges



Arc-standard

Crek bydep
flight from || Moscow
booked 3aBncumocTu
<root> (booked, subj,I) (flight,det, a)
subj det
Y N\ N\

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
flight from || Moscow
booked 3aBncumocTu
<root> (booked, subj,I) (flight,det, a)

subj det

| || booked || a || flight || from || Moscow




Arc-standard

CTek bydep
from Moscow
flight 3aBuncMMoCTH
booked (booked, subj, ) (flight, det, a)
<root>
subj det
Y N\ N\

| || booked || a || flight || from || Moscow




Arc-standard

CTek bydep
from Moscow
flight 3aBucmumocTu
booked (booked, subj, ) (flight, det, a)
<root>

subj det

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
Moscow
from 3aBncMMOoCTH
flight (booked, subj,I) (flight,det, a)
booked
<root>
subj det
Y N\ N\

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
Moscow
from 3aBncMMOoCTH
flight (booked, subj,I) (flight,det, a)
booked
<root>

subj det

| || booked || a || flight || from || Moscow

RightArcyyep



Arc-standard

CTtek bydep
from
flight 3aBMCMMOCTH
booked (booked, subj, ) (flight,det, a)
<root> (from,prep, Moscow)
subj det prep
Y N\ N\

| || booked || a || flight || from || Moscow




Arc-standard

CTtek bydep
from
flight 3aBMCMMOCTH
booked (booked, subj, ) (flight,det, a)
<root> (from,prep, Moscow)

subj det prep
N N N

| || booked || a || flight || from || Moscow

RightArcymoq



Arc-standard

Crek bydep
flight
booked 3aBucumocTu
<root> (booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep
flight
booked 3aBucumocTu
<root> (booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

subj det pmod prep

| || booked || a || flight || from || Moscow

RightArcgopi



Arc-standard

CTek bydep
booked
<root> 3aBUCUMOCTH

(booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

(booked, dobj, flight)

dobj

subj det\ pmod prep

| || booked || a || flight || from || Moscow




Arc-standard

CTek bydep
booked
<root> 3aBUCUMOCTH

(booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

(booked, dobj, flight)

dobj

subj det\ pmod prep

| || booked || a || flight || from || Moscow

RightArc,,,



Arc-standard

Crek bydep

<root>

3aBUCMMOCTU

(booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

(booked, dobj, flight) || (root,root, booked)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-standard

Crek bydep

<root>

3aBUCMMOCTU

(booked, subj,I) (flight,det, a)

(from,prep, Moscow) || (flight,pmod, from)

(booked, dobj, flight) || (root,root, booked)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager

- NHnymnanusauus
« cs(x =xq ...x,,) = ([0],[1, ...,n], D)
- KOHEeYHOoe coCcTosiHME
~C={ceClc=C[]4)}
- [lepexoabl
- (Shift) (0,1ilBl,4) - ([olil, B, A)
- (LeftArc) (lolil, 18], A) = (o, [jI1B1, AV {(,1,D)}),
ecini # 0uAk: (kx, i) €A
- (RightArc) (loli], 181, 4) = (loliljl, B, AU{(, L)}
- (Reduce) ([o]i],B,A) - (0,B,A)
ecau dk: (k,x, i) € A



Arc-eager

Crek bydep

<root> | || booked || a || flight || from || Moscow I
3aBUCUMOCTH

| || booked || a || flight || from || Moscow




Arc-eager

Crek bydep

<root> | || booked || a || flight || from || Moscow I
3aBUCUMOCTH

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydpep

I booked || a || flight || from || Moscow
<root> 3aBncuMocTu

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydpep

I booked || a || flight || from || Moscow
<root> 3aBncuMocTu

| || booked || a || flight || from || Moscow




Arc-eager

Crek bydep

<root> booked || a || flight || from || Moscow
3aBUCUMOCTH

(booked, subj,I)

subj

| || booked || a || flight || from || Moscow




Arc-eager

Crek bydep

<root> booked || a || flight || from || Moscow
3aBUCUMOCTH

(booked, subj,I)

subj

| || booked || a || flight || from || Moscow

RightArc,,,



Arc-eager

Crek bydpep

booked a || flight || from || Moscow
<root> 3aBMCMMOCTY

(booked, subj,I) || (root,root, booked)

/SM

| || booked || a || flight || from || Moscow




Arc-eager

Crek bydpep

booked a || flight || from || Moscow
<root> 3aBMCMMOCTY

(booked, subj,I) || (root,root, booked)

/SM

| || booked || a || flight || from || Moscow




Arc-eager
CTex Bycpep
a flight || from [ Moscow
booked 3aBUCHMOCTU
<root> (booked, subj,I) || (root,root, booked)

/SM

| || booked || a || flight || from || Moscow




Arc-eager
CTex Bycpep
a flight || from [ Moscow
booked 3aBUCHMOCTU
<root> (booked, subj,I) || (root,root, booked)

/SM

| || booked || a || flight || from || Moscow

LeftArcges



Arc-eager

Crek Bydep
booked flight || from || Moscow
<root> 3aBNCMMOCTH

(booked, subj,I) || (root,root, booked)
(flight,det, a)

/SM det
¢ N\

| || booked || a || flight || from || Moscow




Arc-eager

Crek Bydep
booked flight || from || Moscow
<root> 3aBNCMMOCTH

(booked, subj,I) || (root,root, booked)
(flight,det, a)

/SM det
¢ N\

| || booked || a || flight || from || Moscow

RightArcgopi



Arc-eager

Crek Bydpep

flight from || Moscow

booked 3aBncMMOCTH

<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

dobj

subj det

| || booked || a || flight || from || Moscow




Arc-eager

Crek Bydpep

flight from || Moscow

booked 3aBncMMOCTH

<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

dobj

subj det

| || booked || a || flight || from || Moscow

RightArcymoq



Arc-eager
CTek bydep
from Moscow
flight 3aBUCHMOCTH
booked (booked, subj,I) || (root,root, booked)
<root> (flight,det,a) | | (booked,dobj, flight)
(flight,pmod, from)

dobj

subj det pmod

| || booked || a || flight || from || Moscow




Arc-eager
CTek bydep
from Moscow
flight 3aBUCHMOCTH
booked (booked, subj,I) || (root,root, booked)
<root> (flight,det,a) | | (booked,dobj, flight)
(flight,pmod, from)

dobj

subj det pmod

| || booked || a || flight || from || Moscow

RightArcyyep



Arc-eager
Crek Bydep
Moscow
from 3aBucumMocTu
flight (booked, subj,I) || (root,root, booked)
booked (flight,det,a) | | (booked,dobj, flight)
<root> (flight,pmod, from) | (from,prep, Moscow)
dobj
subj det\ pmod  prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek Bydep
Moscow
from 3aBucumMocTu
flight (booked, subj,I) || (root,root, booked)
booked (flight,det,a) | | (booked,dobj, flight)
<root> (flight,pmod, from) || (from,prep, Moscow)
dobj
subj def\ pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydep
from
flight 3aBncumocTu
booked (booked, subj,I) || (root,root, booked)
<root> (flight,det,a) | | (booked,dobj, flight)
(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydep
from
flight 3aBncumocTu
booked (booked, subj,I) || (root,root, booked)
<root> (flight,det,a) | | (booked,dobj, flight)
(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydep
flight
booked 3aBucuMmocTy
<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek bydep
flight
booked 3aBucuMmocTy
<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek Bydep
booked

<root> 3aBucuMmocTy

(booked, subj,I) || (root,root, booked)
(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek Bydep
booked

<root> 3aBncUMocCTu

(booked, subj,I) || (root,root, booked)
(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) || (from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight || from || Moscow

RightArcy,



Arc-eager
Crek Bydep
booked 3aBMCMMOCTH
<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) | (from,prep, Moscow)
dob)j (booked, pun,.)

n
subj det pmod prep

| || booked || a || flight || from || Moscow




Arc-eager
Crek Bydep
booked 3aBMCMMOCTH
<root> (booked, subj,I) || (root,root, booked)

(flight,det,a) | | (booked,dobj, flight)

(flight,pmod, from) | (from,prep, Moscow)
dob)j (booked, pun,.)

n
subj det pmod prep

| || booked || a || flight || from || Moscow




[ 1pOEKTMBHOE CUHTaKCUYECKOE OEPEBO

° ,El,epeBo 3aBUCUMOCTEN ABMAETCH NPOEKTUBHbLIM, ECJIN

- 1N Kaxxgon ayrm B AepeBe CYLLECTBYET HanpaBreHHbIN NMyTb OT
[MaBHOMO CroBa A0 KaXOoro U3 CrnoB, PacrnofoXeHHbIX Mexay
rMaBHbIM N 3aBUCUMbIM CITOBOM 3TOWN AYIY

- (i,1,j) = Vk € [min(i, ), max(i, j)],i > k

N ——

saw | |a| | dog which | | was | | a| | Yorkshire | | Terrier




Non-projective Transition-based Parsing.
Attardi’s system

- NHnymnanusauus
« cs(x =xq ...x,,) = ([0],[1, ...,n], D)
- KoHe4yHoe cocTosiHMe
- C={ceClc=([0],[]A)}
- [Mepexoabl (oNns neBbIX 3aBUCMMOCTeEN TpebyeTcs i + 0)

- (Shift) (0, lilB], 4) — ([oli], B, A)

* (LeftArc) ([olilj], B,A) — (lolj], B,AVU {(j,,D})

- (RightArc)) ([olilj],B,A) = ([alil, B,AU {(i,1,))})

* (LeftArc2;) ([alilklj], B, A) - ([alklj], B,AU {(,,D})

- (RightArc2)) ([olilk|j],B,A) — ([alilk], B,A U {(i,1,j)})

- (LeftArc3;) ([olilkqlkz|j1, B, A) = (lolkqilk,lj], B,AU{(,,D})
- (RightArc3)) ([olilkqlk;|j1, B, A) = ([olilki|k2], B,A U {(i,1,))})




Non-projective Transition-based Parsing.
Online reordering

- NHnymnanusauus
« cs(x =xq ...x,,) = ([0],[1, ...,n], D)
- KOoHeYyHoe cocTosiHMe
- Ce={c€Clc=([0],[]4)}
- [lepexoabl
- (Shift) (o,[
- (LeftArc;) (Jo
- (RightArc;) (o
- (Swap) ([o

Bl,4) - (lalil, B, A)

jl,B,A) = (lalj],B, AU {(j,[,i)}),ecnui # 0
j1,B,A4) = (lalil, B,AU{(i,,)H})

il, B, A) = (lolj], [i|B], A),ecini #0uni <j

iy iy iy e~y




Transition-based Parsing.

[lpeackasaHne NnepexoaoB

- 3agavya MHOroknaccoBou Knaccmdgukaumm
- OOBbEKTbI Knaccndmkauum: KoHdurypauum napcepa
- Knaccebl: npaBuna nepexoaa

- MeToabl:
- Multiclass SVM
- Naive Bayes
- Decision trees
- HenWpoHHbIe ceTun



[1pn3Hakm kKnaccudomkaumnm

- [Npu3Hakm gnsa anemeHTa
- CnoBodopma
- Jlemma
- HacTtb peun
- 3Ha4YeHMda rpaMMaTUYECKUX KaTeropum
« Tvn OTHOLUEHUS

« QNEeMEHTHI:
* 1- ANEeMEHT CTeKa
- I-1 anemMeHT bydepa
- JleBoe OTHOLUEHWE 3NeMeHTa cTeka
- [lpaBoe OTHOLLEHME ANIEMEHTA CTeka



L
Long Short-Term Memory

iy = O(Wixxy + Wiphe_q + Wicce—q + by)
° ft = O'(foxt + thht—l + WfCCt—l + bf)
¢ = ftOct_1i + tanh O(Wexy + Wephi—1 + be)

© 0p = 0 (Woyxy + Wophe—q + Wyece + by)
« hy = o;Otanh(c;)

* Ve = g(he) ¥ 1 t




L
Stack Long Short-Term Memory

| |
| |




L
Stack Long Short-Term Memory

| |
| |




L
Stack Long Short-Term Memory

| |
| |




L
Stack Long Short-Term Memory

TOP
LR
|
: V1 Y2
|
|
|
|
|
|
] [
| x1 xz
|
2\,



L
Stack Long Short-Term Memory

o _T_O_P_ L
V1 : Y3
I A
|
Ib
N :
I I
X1 X3




Stack LSTM Parser
N

TOP TOP

Stack \ / f \\ Buffer

I L1 1

an || decision was made || ROOT

4

amodg,

overhasty

TOP — LeftArCamod

«— Shift

Actions



D
Stack LSTM Parser

- Nepexonbl Arc-standard
- Shift
(o, [(vi, DIBL, A) = (lol(v, D], B, A)

- LeftArc,
([o1 vy, DIy, )1, B, 4) = ([0](g:(vi, ). D] B, AU G > 1})

- RightArc,
([o1(vs, DIy, )1 B, 4) = ([o](gr (v, ), 0], B, AU (i = j3)



OueHka KayecTBa

- Labeled attachment score (LAS):

- OTHOLWEHME KONNYeCTBa NPaBUbHO MOCTPOEHHbLIX AYr K 0bLemy
KONN4YeCTBY AOyr

- Labeled exact match (LEM):

- OTHOLLEHME KOoNNYecTBa NpaBuiibHO NOCTPOEHHbIX AEPEBLEB K
obLeMy KOnMyecTBy OepeEBLEB

- Unlabeled attachment score/exact match (UAS/UEM):
- Te e MeTpuKK, HO oyrm paccmarpusaroTcs 6e3 TMnoB



OueHka KayecTBa

- Micro-averaged

- CynTaem OTHOLLEHME KONNUYecTBa NPaBUNbHbIX OYr BO BCEM
Kopnyce K KOnM4ecTBY Ayr B 3TOM Kopnyce

- Macro-averaged
- Cyntaem METPUKY ONA KaxXdoro rpegyioxXeHnda n notom ycpeaH+aem



[ padpoBble METOAD

° I'Ipeuno>|<eH|/|e npeacraBIid€eTcd B BUe B3BELWLEHHOIO
NonHoro rpada (OpUeHTUPOBaAHHOIO)
- BepwwuHbl rpadpa — crnosa + <root>
- [dyrn rpada — OTHOLLUEHUA Mexay cnosamm
- Lenb
- Hantu nogrpad, SBnsoLwmnmncs gepesomM 3aBMCUMOCTEN

mm \

booked
\ » from >
Moscow

<root>




[ padpoBble METOAD

- Ana kaxgown ayrm (i, j) BblumcnsaeTca ee Bec s(i, j)
- Bec nogrpadpa B rpadpe s(x,y) = X ey S(6,J), ro€

- X — BepLuunHbl nogarpada,
- y — ayru nogrpada

20

25

booked J
» from
2% 0
2 3 1 24
1 >

| Moscow

<root>




MakcmnmansHoe octoBHOe aepeso (MST)

- 3ajaya CMHTaKCUYeCKOoro aHanmsa popmMynmpyeTcsa Kak
3afjada HaxoXaeHnsa MakCcMmasibHOro OCTOBHOIO depeBa
(MST) B cBA3aHHOM B3BeLUEHHOM rpadpe

- [1epeB0O Ha3bIBAae€TCHA OCTOBHbLIM, €CINN
- BkrnovaeT Bce BepLMHbI rpadpa

- CoaoepXmT MMHMManNbHOE KONMMYEeCTBO Ayr 13 rpada, Tak, 4Tobbl 13
KOpPHSA AepeBa MOXHO ObINo «40NTM» 00 Nobdon BepLumHbl rpada

.,."




AnroputMm 3amMoHAca

- Ha Bxopge:
- OpueHTnpoBaHHbIn rpad D = (V, E)
- BepwwuHa r € V — KopeHb
- BelyecTtBeHHble 3Ha4YeHnsa BecoB w(e),Ve € E

- Ha BbIxoge:

- OCTOBHOE OpPMEHTMPOBAHHOE O4EPEBO A MMHUMANbHOIO BECA
W(A) = Yocaw(e) C KOPHEM T



AnroputMm 3amMoHAca

- Myctb f((V, E), r,w) BO3BpaLLAET OPUEHTUPOBAHHOE
OepeBo MUHUManNbLHOIoO Beca C KOPHEM B 1
1. Ypanutb Bce (u,r) € E

2. m(v) =arg min w((u,v)) Vv ev

3. P={(#rW),v)|lveV\{r} Ecnus P HeT unknos, 10 P —
NCKOMOE [epeBo

4. C — npoun3BOSibHbIN UMKN B P. [NocTponm HoBbIn rpady D’
(VI,E".V' ={vlveV,v & C}U{v.}. E' nocTpoMM TaK:
- (u,v) EE,u ¢ C,v € C = pobasnsiem B E’ pebpo e = (u, v.),
w'(e) = w(u,v) —w(m(v),v)

- (u,v) EE,u€C,v & C = pobasnsem B E’ pebpo e = (v, v),
w'(e) = w(u,v)

- (u,v) EE,u¢ C,v & C = pobasndem B E' pebpo e = (u,v),
w'(e) = w(u,v)

5 A= f{V,EY, W)



AnroputMm 3amMoHAca

- A" — OpUEHTMPOBAHHOE OEPEBO, NOITOMY KaXaasi v €
V',v # r nmeeT ogHO BXoasiLiee pedpo (u, v)

- (u,vc) € A’ cooTBetcTBYeT pebpy (u,v) € E,v € C

- Ypanum pebpo (r(v),v) na C

- MocTpoum P’ - nckomoe nepeBo:
- [lo6aBum B P’ pebpa us C
- [lobaBum B P’ Bce pebpa, CoOOTBETCTBYHOLLME pedbpam n3 A’



Biaffine graph-based dependency parser

hl(arc—dep) hgarc_head) hlgrel—dep) hl(rel—head)
MLP MLP MLP MLP
LSTM [ LSTM [ LSTM [—= = ] LST™

ﬂi A ﬁ‘ ﬂ‘

<root> I booked .. Moscow

Xi



Biaffine graph-based dependency parser

MeTtka gnsa
Pebpo j — i pebpaj — i
(arc—dep) (arc—head) (rel—dep) (rel—head)
h; ’ h; h o h;
hlgar}—dep) hgari—head) hlgre}—dep) hgrelihead)
MLP MLP MLP MLP
LSTM [ LSTM [ LSTM [—= = ] LST™
ﬂu A ﬁ; ﬂu
<root> I booked .. Moscow

Xi



CnenytoLlas nekums

Jlekcnyeckasa cemaHTuKa



