CUHTAKCUYECKUM aHaNU3
(syntax parsing)



BBEOAEHWUE



CuHTaKcuc

* cneayloLWmMM YPOBEHb «HA MYTU K CMbICAY»
* TeOpeTn4YecKoe 3Ha4YeHue

* NPUIOKEHUA:
— MaLLUHHbIN nepesoa (machine translation)
— BOMNPOCHO-OTBETHbIN NOUCK (question answering)
— BblaeneHne nupopmaumm (information extraction)
— ANaNIOroBble CUCTEMDI



OcobeHHOCTUN PYCCKOro A3blKa

Jlewa nogapwun uBeTbl HaTawe

HaTawe nogapwun usetbl Jlewa

HaTawa nogapuna usetbl Jlewe

Alice bought Bob flowers
Bob bought Alice flowers



HeoAHO3HAYHOCTb

HaTanba npurotoBuaa KypuLy B Kasipe.
ANnHa NpUroToBUAa KypuLy B AYXOBKE.

[eopruii NpomnsHec peyb NO-HEMELKM.
AneKkcel cben roBsiagnHy NO-CTPOraHOBCKMW.

NHHa caenana ABUXKEHUE PYKOMN.
HaHHa pa3pe3ana A6/I0KO HOXKOM.

AHacTacua genaet Mmp ayylle.
EBreHns neyet 61MHbI Ayylle.



3a4a4a

* MO NPeANOXKEHUIO NOCTPOUTb CUHTAKCUYECKYIO
CTPYKTYpPY (MM cKa3aTb, YTO NpeaoXeHune
«HernpaBWIbHOE» — HE COOTBETCTBYET
rpammaTuKe)



OOPMA/TN3MDI



[1Ba popmann3ma

e coctasaatowme (constituents, phrase
grammar, constituency parsing)

e nepeBbAa 3aBncumocteun (dependency trees)



CTPYKTYpa COCTaBAAOLLUNX

4aCTU PEeYU — KNaccCbl CN0B C OANHAKOBbIMMU
rPAMMATUYECKUMU QYHKLMAMMU

rpynmnbl — « pacllMpPeEHnE» YacTeun peyn
nepapxums

TPAaAULUMNOHHbIN POPMaNU3M ANA ONUCAHUA
aHIMUNCKOro CUHTAKCUCa



[Tpnmepbl

[OaHaxabl BeCHOO], [B Yac HeEObIBANO *KapKoro
3aKaTal, [B MockBe], [Ha MaTpmapwmx npynax],
[mosBuauchb [aBa rpaxaaHuHal].

BTopoun — [nneyncroin, pbixkeBaTbln, BUXPACTbIN
MOJ1001 Ye/I0BEK B 3a/10MJIEHHOM Ha 3aTbIJIOK
KN1eT4aTon Kenke] — Obis1 B KOBOOUKeE, }KeBaHbIX
H6enbix 6proKax U B YEPHbIX TAaNO4YKax.



Tern gna rpynn

Phrase Level

ADJP - Adjective Phrase.

ADVP - Adverb Phrase.

CONJP - Conjunction Phrase.

FRAG - Fragment.

INTJ - Interjection. Corresponds approximately to the part-of-speech tag UH.

LST - List marker. Includes surrounding punctuation.

NAC - Not a Constituent:; used to show the scope of certain prenominal modifiers within an NP.

NP - Noun Phrase.

NX - Used within certain complex NPs to mark the head of the NP. Corresponds very roughly to N-bar level but used quite differently.

PP - Prepositional Phrase.

PRN - Parenthetical.

PRT - Particle. Category for words that should be tagged RP.

QP - Quantifier Phrase (i.e. complex measure/amount phrase); used within NP.

RRC - Reduced Relative Clause.

UCP - Unlike Coordinated Phrase.

VP - Vereb Phrase.

WHADJP - Wh-adjective Phrase. Adjectival phrase containing a wh-adverb, as in how hot.

WHAVP - Wh-adverb Phrase. Introduces a clause with an NP gap. May be null (containing the 0 complementizer) or lexical, containing a wh-adverb
such as how or why.

WHNP - Wh-noun Phrase. Introduces a clause with an NP gap. May be null (containing the 0 complementizer) or lexical, containing some wh-word,
e.g. who, which book, whose daughter, none of which, or how many leopards.

WHPP - Wh-prepositional Phrase. Prepositional phrase containing a wh-noun phrase (such as of which or by whose authority) that either introduces a
PP gap or is contained by a WHNP.

X - Unknown, uncertain, or unbracketable. X is often used for bracketing typos and in bracketing tke...the-constructions.

http://web.mit.edu/6.863/www/PennTreebankTags.html 11
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CorpamenHnoe Ha3BaHHE

IIpamep

KommuecTrennas rpynma

KOJIHM4Y

IBAIIATE BOCEMB

HOC;‘IEZ[OB&TE.‘]I:HDCIB HHCCI BIICPEMCIIEY CO

KOJMu 12,2
3HAKAMH IIPETIHHAHHA
€CTBHTEIIBHOE H3 3aJaHHOTO IepedHd +

Cymecrs: ax P CYII-UNCTT ctatea 123
4HCI0BOH HASHTH(HHKATOD
[IpaBmma noctpoerna PHO (uemonpsyroTes

P A P ( Ilerpos ITetp
MOPOIOTHIESCKHE IIOMETHL O TOM, YTO JAHHOS DHO

_ Baagmmuposng

CIIOBO MOZKET OBITH HMEHEM)
C n n =

n0Ba cTencHH (THNA "oueHs") ¢ rpymImoi HAP TIPIT e —
MIPHIIATaTeIbHOIO HIIH MPHIACTHA -
OpHopomHEIE NpPHIATaTeIbHbIE OJHOP TTPHII TIepBOil H €AHHCTBEHHOH
OnxopomHbEIE HApEYHA OIOHOP_HAP JIOJIT0 HIBb KOPOTKO
OnHopoXHEIE HH(QHHATHEEL OJHOP HH® CTOATH HIIH JIEKATE
o .

IHOPOTHEIE NIPHIATATEIBHEIC CPABHHTEIBHOM OIHOP TIPIAT KpacHBee H MoTORe
CTEIICHH -

aBryecr 1968 roma,12

I'pymmer gaTer ATA ’

PYIHIEL A A HIOHA 99 ©. B T.O.

C mepBoro agrycra mo

I'pynma BpeMEHHEIX OTPE3KOB CJIOX_IIT P Y

IBANATOE CEHTAOPA

Amnanurrueckan GopMa cpaBHHTENBHOH CTENCHH
MPHIT. HIH HAPEIHA

CPABH-CTEIIEHDb

TOopasgo CHIBHEC

Hapeune + rmaron HAPEU-TTIATOJI 370CTHO HAPYIIaTh
OnHO HIH HECKOIBKO IPHIATATEIbHEIX,
COITACOBAHHBIX IO POY, YHCIY H IAJeXKy cO TIPHJI-CVIIT JUTHHHAA YHBLIAA JOpora

CTOANTHM Cpasy IIOC/IC HHX CYIICCTBHTCILHBIM.

Hapeunoe uncnurensHoe + UT (px M)

HAP-YHCII-CYII]

MHOTO O9€HB IIPOCTHIX
peodar

http://aot.ru/demo/rus syn consts.html

http://aot.ru/docs/synan.html

Uncmutensaoe + U THCII-CVYII] COPOK BOCEMB IIOIIYTAcB
IenuTHBHAA Mapa TEHUT UT" pyxa Mocksh
[Ipennoxnas rpynma I Ha XOJIMe

Onaopoxnere I OOHOP HI' MaMa H [amna
Otpuuanse + ruaroasHas Gopma OTP_@&OPMA HE THOHTB
Zg:zqf:ﬁiaetbopma+mmamoe IpAMOE TIPSIM_JTOIT py6uTs ApOBa

['pymina 371eKTPOHHOIO agpeca 371 _AJNTPEC www.dialing.ru
TCnaronsHas ¢opMa+KOHTAKTHEIH HHOHHHTHE TJIAT” MH® TIOHTH BBIITHTE
Tognexamee IO f [OIIeT

Crasyemoe BEPIIHHA KIay3bl A moImeT

12
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TrPAMMATUKA 3ABUCUMOCTEN



[paMMmaTUKa 3aBUCUMOCTEN

rnaBsHoe/3asmucmmoe coBo (xo3anH/cayra)
LLleHTpanAbHasa PoJb JIMYHOTO [/1arona
MPOEKTUBHOCTb — ¥eJslaTe/IbHOEe CBOMCTBO

OyeHb OHU xopouwiue bbiau a0U.

B nocneaHmne roabl — OCHOBHOM GOpManun3m, B
T.4. B npoekTe Universal dependencies

MOMKET ObITb NONyYeHa U3 CTPYKTYpPbI
COCTaBNAOLLMX



B MockBe, Ha l[laTpuaplunx npyaax, N0ABUANUCHL ABa rpaXaaHuHa.




[Tonmep

Stanford CoreNLP

— Text to annotate —

But among people who have spent years in the tech industry, Intuit is just as memorable for being the company that got away from Microsoft in the mid-1990s — a rare moment
when Bill Gates'’s giant, at the peak of its influence, did not get its way.

— Annotations — — Language —
dependency parse x English v Submit

Basic Dependencies:

punct
cc
nmod
punct:
nmod nsubj adwvcl:
aclrelcl: case cop mark nmaod
/—nsubj det \ /—advmod / cop \ aclrelcl J nmod Case
_'CC [m]vcase " wp  [vBprEux~yppNi dobj@ [E @/@compound ' VvBZ| [rRB [E.‘radvmod I E VBG @Pdet ' WDT - nsubj advmod~pg m
But among people who have spent  years in the tech industry , Intuit is justas  memorablefor being the company that got away from Microsoft in
punct:
aclrelcl
- nsubj
punct
—nmod dep nmod nmaod
«—case det nmod:poss case o case aux dobj
@rdet punctﬂ Jyframod WRB compoundcase punctﬂ: lm @'det m nmod:poss L.VBDf RBYNed VB PRPS nm%
the mid-1990s -- a rare momentwhen Bill Gates 's giant , at the peakof its influence , did not get its way .

18



> 0 S 0O o 0 T O

OTHOoLweHnA [MenbyyK]

cybbeKTHOE: MasbYUK <— bexcum

NPAMOE AOMNONHEHUE: BUMHCY —> MA/bYUKA
KOCBEHHOE AO0MNOJ/IHEHUE: CKA3a/ — MHE
anno3unuma: OUBAH <— KPosamsob
orpaHuYyeHue/oTpuULLaHUE: MOsbKO <— MOCMOMpPemMs
onpeaeneHune: nepsas < CMpaHuya
NOCECCUBHOE: KHU2a — 0€e80YKU
KOJIMYECTBEHHOE: MpuU —> anesnbCuHa
obcToATENLCTBO: HOUIKO ¢— 2080PUMBb
npeanoXxHoe: be3 — 20s108bI

npucBA3oYHoe: bbi1 — bosneH

COMMHUTENbHOE: BOUHA U — MUP
NHPUHUTUBHO-A0NOJHUTENBHOE: XO4Y—> CMIAMb

UnT. no [Tecteneu)]



UD: TMnbl 3aBUCUMOCTEN

Core dependents of clausal predicates

Nominal dep Predicate dep

nsubj csubj

nsubjpass csubjpass

dobj ccomp xcomp

Noun dependents

Nominaldep  Predicatedep  Modifier word
nummaod acl amod
2ppos det

nmod neg

Case-marking, prepositions, possessive

cadse

Non-core dependents of clausal predicates

Nominal dep Predicate dep Modifier word

nmod adwvcl advmod
neg

Compounding and unanalyzed

compound mwe goeswith

name foreign

Loose joining relations

list parataxis remnant

dislocated reparandum

Special clausal dependents

Nominal dep Auxilfary Other
vocative aux mark
discourse auxpass punct
expl cop

Coordination

conj cc punct
Other

Sentence head  Unspecified dependency
root dep

http://universaldependencies.org/u/dep/index.html



http://universaldependencies.org/u/dep/index.html
http://universaldependencies.org/u/dep/index.html
http://universaldependencies.org/u/dep/index.html

UD: npumep

root l

'| punct ',.

{nmod}

(nsubj) {usubj}

= [

The cat

"H.IX
'U_lx
y

could have chased all

= %

down the

the

dogs
DET NOUN AUX AUX VERB DET DET NOUN ADP DET NOUN PUNCT

street

con_]
{cd)
'conJ'
X
Huey , Dewey and Louie
PROPN PUNCT PROPN CONJ PROPN
root
nmod
dobj punct
dobj dobj nmaod nummod:gov
advmod advmod . compound
case case punct punct nsubj appos case
<root> K TOMY xe npasa Ha noKas " Moanmu " yHe kYT KaHan CTC 3a $ 15 BSH. .
0| <rootx AD 2 | NOUN PART d | NOUN 5| ADP : UM 7 | PUMCT 8 | NOUN O | PUNCT 10 | ADW 11| VERS 12 | NOUM 13 | NOUM 1| AD 16 | MUM 7 | NOUN | PUNC




AOAHHDIE



Penn Treebank

o ~ 40K npegnoxkeHun /2,400 TeCTOBbIX
* Wall Street Journal + yctHaa peub
e cocTaBigoWme

http://www.cis.upenn.edu/~treebank/home.html



http://www.cis.upenn.edu/~treebank/home.html

The Penn Treebank

((S
(NP-SBJ (DT The) (NN move))
(VP (VBD followed)
(NP
(NP (DT a) (NN round))
(PP (IN of)
(NP
(NP (JJ similar) (NNS increases))
(PP (IN by)
(NP (JJ other) (NNS lenders)))
(PP (IN against)
. (NP (NNP Arizona) (JJ real) (NN estate) (NNS loans))))))
(S-ADV
(NP-SBJ (-NONE- *))
(\(/P (VBG reflecting)
NP
(NP (DT a) (VBG continuing) (NN decline))
(PP-LOC (IN in)
(NP (DT that) (NN market)))))))
(--)

[Marcus et al. 1993, Computational Linguistics] [Chris Manning]



SynTagRus

64K npeagnoxexHunu (2015)

YKaHpPbl: Xy40XKeCTBEHHbIN, HAY4YHO-
NONYNAPHbIN, NYOAULUCTUNYECKUN,
bnorpadmyeckmm n HOBOCTHOMU

67 TMNOB OTHOLEHUU

3dBUCUMOCTU

http://ruscorpora.ru/instruction-syntax.html

https://eithub.com/UniversalDependencies/UD Russian-
SvynTagRus



http://ruscorpora.ru/instruction-syntax.html
http://ruscorpora.ru/instruction-syntax.html
http://ruscorpora.ru/instruction-syntax.html
https://github.com/UniversalDependencies/UD_Russian-SynTagRus
https://github.com/UniversalDependencies/UD_Russian-SynTagRus
https://github.com/UniversalDependencies/UD_Russian-SynTagRus

[ HALTHOHAABHBIH KOPIIYC
.‘A PYCCKOI'O
' SA3bIKA

nepeHTH Ha CTPaHH]

PG3YJ’II)TEITI)I INOHUCKA B CHHTAKCHYCCKOM KOPIIyCC

O0nem Beero Kopmyca: 612 mokymeHTOE, 59 240 npegnoxenni, 860 720 cios.
"Kopﬂﬁ.l'll:"

Hatineno 12 moxyMeHTOB, 44 npeanoxkeHnd, 44 BXOXKIeHH.

ITonckats B JPYTHX KOpIOyCcax: OCHOBHOM, dKIIEHTOIOTHYESCKOM, I'a3€THOM, THATIESKTHOM, )\rl'YJLTHMe‘-THI‘:IHOM, obydaronieM, NapaaiedbHOM, HO3THUSCKOM, YCTHOM.

Crpannnel: 1 2 caeqyiomas cTpaHHIE

1. Corercrknii marrn Bcee npumepsl (4)

IIaTHagnars aeT Haszazd, 15 Hoabpa 1988 roxa, copepnidn cBoH MONeT, 3aKOHTHBIIHECA He MOBTOPEeHHOH 40 CHX IMOp aBTOMAaTHYIeCcKOH MocagkoH Ha TOCATOIHYHO 0T

KOCMHYECKHH "Bypan". [[Toxkazats cTPYETYPY]

XoTa 1A mepBoro KOcMoHaRTa HapAny ¢ "rTarapHHcKHEM" "Boctokom" OKB- 256 I1arna 1{pI0HHAa NpoeKTHPOBATO KPBLIATHIH KOCMHIeCKHH KIaccHIeCKOH
KocMmu4ecknii Ammapar). [[Tokazars cTpYKTYpY]

[Ipeamonaraaocs, 9T0 MOCIe 3amycka H paGoTsl Ha opGHTe BXOTHT B ILIOTHBIE CITOH atMochepsl H COBepINaeT YIpaBIaeMbIH CIIyCK H MAPAIIIOTHYIO0 TOCAT
IBHTaTeled MATKOH ITOCAIKH. [[Tokasars cTpYKTVPY]

OcTaBanoch TOIBKO ¢Ie1aTh H HOCHTEJIb. [[Tokazats cTPYKIVPY]

2. Kocmonaet I'peaxo Bcee mpamepsr (15)

- Hey:xenn BepHIIE, 9T0 Hafgemn HHOILTAHETAH - CIPALTHBAID ¥ HEYTOMOHHOTO IPYTa. [Tlokaszark cTPYEIYPY]

A xorza paGoTanad Haz [TOJETOM HelI0BeKa B KOCMOC, KaK pas BRIOHpA yrol, 04 KOTOPEIM Halo BXOOHTE B arMocdepy, 4T00Bl OCATHTE

Qnuu VINeI B KOCMOC, OPYToH Horud Bo BpeMsA CIIyCKA, TPETHH OTEPIe aBapHIO. [TToxazate cTpVKIYpY]

Ha u ¢ samyckoM FOpma I'arapuHa He Bee COIIAIIATHCE, HEKOTOPEIE CUHTAIH, UTO HYKHO eIle IIPOBEPHTE B PeaJbHOM IIOJIETE. [IToxkazars
B croe Bpema B onHOH H3 noBecTeH A HAITHCAII, ITO ThI HCKAT TaM HHOIUTaHeTAH H 4T0 Cepreii ITapmoera Koponer odeHs HHTepecoBancs 3TOH HKCIIEIHITH
- Eme ronometi A npodHTal cTarklo NHcaTtend KaszaHnera o ToM, 910 TyHIyCCKHE MeT€OPHT - 3TO KOCMHYECKHH . KOTOpPEIH moTepnen karacTpody.

MEIL HCIIOJIB30BAIH OTIeT 30/10TOEA, CTPAHHIl Ha IATECOT, H H3 HETO CIISZOBANIO, Y10 3TO OBUT KOCMHYECKHH , KOTOPEBIH B30pBaIcA HA BEICOTE IIATH KHIOMET)
KHIOTOHH. [TTokazats cTpyETVpY]

V Koncranraaa ITeTpoerda OBUIO Kakoe-TO YIHBHTEIBHOE IyTIEe, OH 0e3 JaHHEIX, 0¢3 pacueToB MOT CKOMIIOHOBATH . [[Tokazars CTPYETY
OH cYHTaeT, 9T0 HMEHHO OH cOelal . [[Tokazate cTPYKIYPY]

Ho=a CHHTARD, ITO CcOelIall BCce-TaKH KOpO.T.[eB. [HOK&B&TB CTDYKIY‘DY] 26
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SynTagRus — npumep

A ? W [CONJ]

B XOTA [CONJ]

L 1 7 . COrNACHO [PR]

opeerepedeckoli ........ \..ooveevveeieencicii v X i e N APEBHETPEYECKUM [A E[l )KEH DAT]
MUPOAOUU .. ....oovvev o f e e MU®ONOMUA [S EJ XKEH AT HEOA]
xopaﬁ.-?b .............................................................................. KOPABJb [S ELl MYX UM HEOL]

Apeo .................................................................................. b e APTO [S E[l CPE[l UM HEO[]

(V2T PRI ISP S BbITh [V HECOB M3BAB NPOLW EJ MYX]

RHOCHIPOCH ....coviviiviiiiiiafiviiiiiiiiiie i ffiia i i sl CTPOMWTL [V COB CTPAJ NPUY NPOLL KP EJl MYXK]
SCOHOM ..o L e s ACOH [S EQ MY TBOP 0[1]
L UMEHHO [PART]

L e 3TOT [A E[} CPE[] IAT]

Apeo....ccviivviiiiiiiii e . APIO [S EQ CPEL [AT 0A]

NPURUCHIBANOCD - -eveeeeve MPUMUCBIBATb [V HECOB CTPAZL M3bAB NPOL E CPEL]

CIMPOUMEABCINEBO ...cvvaiiiirinrrrnarirnaarsrnans CTPOWUTENBLCTBO [S EJ CPEA MM HEOA]

KOPAOAS «.ovvvvinniisniininsiiiniiisissiiiiiis s snsanes) KOPABb [S E[] MY PO[ HEOQ]

27



Syntactic treebanks |edit]

Many syntactic treebanks have been developed for a wide variety of languages:

Language s Treebank Syntactic Formalism Distribution / License s
Arabic Penn Arabic Treebanke? Phrase structure
Arabic Prague Arabic Dependency Treebank (PADT) & Dependency
Arabic Columbia Arabic Treebank (CATIB) Lﬂ Dependency
Arabic (classical) Quranic Arabic Dependency Treebank (QADT)E (Quranic Arabic Corpus) Dependency Open source (GNU general public license)
Bulgarian BulTreeBanke? HPSG Freely available for research
Catalan Cat3LBE? Phrase structure Freely available for research
Chinese Penn Chinese Treebanke? Phrase structure
Chinese Sinica Treebankg? Case grammar
Chinese Chinese Dependency Treebank Dependency
Croatian Croatian Dependency Treebank & Dependency
Czech Prague Dependency Treebank Dependency
Danish Danish Dependency Treebankid Dependency
Danish Arboretum: A syntactic tree corpus of Danish Phrase structure
Dutch Spoken Dutch Corpus (CGN)&? Phrase structure
Dutch Alpino Treebanke? Dependency
Dutch LASSY Small and Large&? Dependency
English Penn Treebank & Phrase structure
English CCGbanki Combinatory categorial grammar
English Prague English Dependency Treebank i’ Dependency
English Universal Dependencies & Dependency Open source (Creative Commons license or G general
public license)
English BLLIP WSJ corpusg? Phrase structure
English British Component of the International Corpus of English (ICE-GB)& Phrase structure
English Diachronic Corpus of Present-Day Spoken English (DCPSE)& Phrase structure
English Lancaster Parsed Corpusé’ Phrase structure 2
English Susanne Corpusg’ Phrase structure Freely available for research
English Christine Corpus & Phrase structure Freely available for research
English Lucy Corpusi? Phrase structure Freely available for research
English Tibingen Treebank of English / Spontaneous Speech (TuBa-E/S)& HPSG Freely available for research
English LinGO Redwoods g HPSG ?
English Multi-Treebankg? Phrase structure Available online for comparison purposes
Enalish The PARC 700 Denendency Bank | & Dependencv 2

28



MAPCEPbI



KOHTeKCTHO-cBOOOAHaA rpamMmaTUKa

e context-free grammars (CFG)
e G=(Z,N,S, R)

— 2. TepMUHanNbI

— N: HeTepMunHan.l

— S: HavyanbHbIK cmumson (S € N)

— R: npasuna (npoaykumun) B Buge X — vy
e XEN;yE(NUZ)*



[lomep rpaMmmaTUKK

S — NPVP
VP — V NP
VP — V NP PP
NP — NP NP
NP — NP PP
NP — N
NP — e
PP — P NP

people fish tanks
people fish with rods

N — people
N — fish

N — tanks
N — rods

V — people
V — fish

V — tanks
P — with

[Chris Manning]



HopmanbHaa popma XOMCKOro

* Bce npaBuaa B BUAe
—X—>Y/”Z
—X—>W
—X,Y,ZEN, WE?2

[Chris Manning]



S—> NP VP
VP —> V NP
S—> V NP

VP -V @VP_V
@VP_V — NP PP
S—V@S_V
@S_V — NP PP
VP —> V PP

S— VPP

NP — NP NP

NP — NP PP

NP — P NP
PP — P NP

[Tonmep

NP — people
NP — fish
NP — tanks
NP — rods

V — people
S — people
VP — people
V — fish

S — fish

VP — fish

V — tanks

S — tanks
VP — tanks
P — with

PP — with

[Chris Manning]



[1o n nocrne buHapusauuu

ROOT
ROOT |
| S
- /\
/N @VP_V
Y NP PP /\
N o~ N Vv NP PP
\ P NP T
N \ |\|| N P NP
| . .
people fish tanks  with rods |
people fish  tanks ith rods

[Chris Manning]



Raaccnyeckme napcepbol

e Anroputm CYK (Cocke—Younger—Kasami)
o lemo: http://Ixmils.it.pt/2015/cky.html
* JKCNOHEHLMA/IbHbIN POCT KONNYECTBA

pa3bopos. e [T

kel |

ate

Z T — (2
= s

the

with

the

[Radev] fork



http://lxmls.it.pt/2015/cky.html
http://lxmls.it.pt/2015/cky.html

CTATUCTUYECKUE NAPCEPDI



BepoAaTHOCTHble KCI'

* Probabilistic context-free grammars (PCFGs)
e G=(2,N,S, R, P)

— 2. TepMUHanNbI

— N: HeTepMunHan.l

— S: HavyanbHbIK cmumson (S € N)

— R: npasuna (npoaykumun) B Buge X — vy

— P: BEpoATHOCTU NpaBuUn
« P:R—[0,1] VX EN, EP(X%}/)=1

X—y€ER



[Tonmep

S—> NPVP 1.0
VP - V NP 0.6
VP—>VNPPP 04
NP —-> NPNP 0.1
NP — NP PP 0.2
NP — N 0.7
PP — P NP 1.0

N — people
N — fish

N — tanks
N — rods

V — people
V — fish

V — tanks
P — with

[Chris Manning]

0.5
0.2
0.2
0.1
0.1
0.6
0.3
1.0



NPg 7 VP 4

T T

Nos Voe NPo.7 PP1 .0

I N

people fish No2> Pi1o NPo7

tanks with No 1

rods

[Chris Manning]



NPo.7 VPo.6

RN

Nos Vo NPg»

| T

people fish  NPq7 PPq o

N\

No2 Pi1o NPo7z

tanks with No.1

rods

[Chris Manning]



[Tpnmep: BepoATHOCTM pa3bopa

s = people fish tanks with rods
P(t;) =1.0x0.7x%x0.4 x0.5%0.6x%x0.7
X1.0xX02%x1.0%x0.7*0.1 Verb attach
= 0.0008232
P(t,) =1.0x0.7x0.6%0.5%0.6%0.2
X0.7%x1.0%x0.2x1.0x0.7%0.1
= (0.00024696 Noun attach
P(s) = P(t;) + P(t)
= 0.0008232 + 0.00024696
=0.00107016

[Chris Manning]



Viterbi (Max) Scores

S—> NPVP 0.9
S—>VP 0.1
VP — V NP 0.5
VP >V 0.1
VP >V @VP_V 0.3
VP -V PP 0.1

@VP_V — NP PP 1.0
NP—>NPNP 0.1
NP—>NPPP 0.2
NP — N 0.7
PP — P NP 1.0

people flSh [Chris Manning] 42




MOBbLILLEHUE KAYHECTBA



KaK MOXHO yAy4LlWKUTb Ka4ecTBO?

* JleKcMKanunsauma: NnpmnnucbiBaem rnasHoe
CNoBO Ppa3bl

* YyeT KOHTEeKCTa pa3bopa
* [lepeonpeneneHue Teros



J1eKcnkanmsauma

[Magerman 1995, Collins 1997; Charniak 1997]

Swalked

N|P5ue VPyalked
/\

NNPg e VBDyajked PPinto

Sue walked Pinto NPstore

' | T
into DTthE NNstore

I I
the store

[Chris Manning]
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JleKcnKannsauma — 2

— p(VP — V NP NP) = 0.00151
— p(VP — V NP NP | said) =0.00001
— p(VP — V NP NP | gave) =0.01980

VP-announce VP-announce

annaunce ﬁmi announce NP-rates PP-in
rates ;P‘{ rates in January

for January

[Chris Manning]



YyeT KOHTEeKCTa

* [lpeanonoxeHue o Hesasnucnumoctn PCFG yacTo
CINLLKOM CUNIbHOE

Bce NPs NPs nog S NPs noa VP

0
21% 23%

11%

4%

NP PP DTNN PRP NP PP DT NN PRP NP PP DTNN PRP

[Chris Manning]



[lepeonpeneneHune Teros

+ POAUTENbCKUN Ter
[Johnson 98]

STROOT
_— [ T
NP'S VP'S )
PRP VBD ADVPVP .
A
He was right

[MToceccuBHble NPs

NP

A

NP-POS JJ] NN

N |

NNP POS new ad

Fidelity s

[Chris Manning]



Habop TeroB Ha ocHoBe 0byyeHuns
[Petrov and Klein 2006, 2007]

=  Proper Nouns (NNP):

NNP-14 Oct. Nov. Sept.
NNP-12 John Robert James
NNP-2 J. E. L.
NNP-1 Bush Noriega Peters
NNP-15 New San Wall
NNP-3 York Francisco Street
= Personal pronouns (PRP):

PRP-0 It He I
PRP-1 it he they
PRP-2 it them him

[Chris Manning]



PacnpegeneHne noakateropmm

40

1S71

Loo0d
X
dCavHM
o4y
Ouvdas
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dAQVYHM
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[Chris Manning]



OLIEHKA



OueHKa napcepos

Gold standard brackets: S-(0:11), NP-(0:2), VP-(2:9), VP-(3:9), NP-(4:6), PP-(6-9), NP-(7,9), NP-(9:10)

S
---""——-—-——_
NP VP NP .
NNS NNS VBD VP NN .11
| | | — |
o Sales 1 executives » were  VBG NP PP yesterday 19
| — —
3 examining DT NNS IN NP

| I | —
4 the s figuresg with ] NN
| |
7 great g care g

Candidate brackets: S-(0:11), NP-(0:2), VP-(2:10), VP-(3:10), NP-(4:6), PP-(6-10), NP-(7,10)
ROOT
I
S
& NP N .
% NNS NNS VBD VP L 11
I I I —_—
= o Sales ; executives » were  VBG NP PP
- 3 examining DT NNS IN NP
O | I | —_—
— 4 the s figuresg with ]] NN NN

| | |
7 great g care g yesterday 19



OueHKa napcepos — 2

30/10TOU CTaHAAPT:
S-(0:11), NP-(0:2), VP-(2:9), VP-(3:9), NP-(4:6), PP-(6-9), NP-(7,9), NP-(9:10)

OueHunBaembin pa3bop:
S-(0:11), NP-(0:2), VP-(2:10), VP-(3:10), NP-(4:6), PP-(6-10), NP-(7,10)

Labeled Precision 3/7 =42.9%
Labeled Recall 3/8=37.5%
LP/LR F1 40.0%
Tagging Accuracy 11/11 = 100.0%

[Chris Manning]



[lporpecc

F1 F1

TR <40 words all words
Klein & Manning unlexicalized 2003 86.3 85.7
Matsuzaki et al. simple EM latent
states 2005 86.7 86.1
Charniak generative, lexicalized

« . 90.1 89.5
("maxent inspired ") 2000

Petrov and Klein NAACL 2007 90.6 90.1
Charniak & Johnson discriminative

reranker 2005 92.0 1.4
Fossum & Knight 2009 o
combining constituent parsers '

[Chris Manning]




NMAPCEPbI 3SABUCUMMOCTEN



MaltParser
[Nivre et al. 2008]

¥aaHbll (arc-eager) AUCKPUMWHATUBHBIN NApCcep 3aBUCUMOCTEN

YCTaHaB/IMBAET OTHOWEHWNE C/1EBA HAMNPABO, HE AO0OKUNAAACb HAaXOXAEHUA
BCeEX Cheayrowmnx 3aBUCUMOCTEN

Ha KaXX4oM 3Tale — peweHne 06 YCTaHOB/1EHNN OTHOLWLEHUA (VI ero Tl/ll'la)

BblOOp AENCTBUA HA OCHOBE KnaccudukaTopa, obyyaerca Ha pa3meyeHHbIX
NAHHbIX

KOMMOHEHTbI:
— cTekK o (Ha cTapTte coaepxut cumson ROOT)
— bydep B (Ha cTapTe cogepKUT cNoBa NpeasioKeHus)
— MHOMEeCTBO OTHOLLUEeHMIN A (Ha cTapTe nycTo)
— Habop agencreni



[lencreuna

o =[ROOT],B=wy, .., w,,A=0

1. Left-Arc,  o|w, w;[B, A = o, w;| B, AU{r(w,w,)}
Precondition: r’ (w,, w;) € A, w; # ROOT

2. Right-Arc, o|w, w;|B, A=> o|w,|w, B,
AU{r(w,w;)}

3. Reduce olw,B,A=>0,B,A
Precondition: r’ (w,, w,) € A

4. Shift o, w;|B,A=>ac|w, B A

Finish: B=0

[Chris Manning]



[Tonmep

A npuwen Kk mebe ¢ npugemom.

Shift
L/\nsubj
RA
RAp,ep
RA
Reduce

root

pobj

Reduce
RAprep
RA
Reduce

pobj

Reduce
RA

punc

o

[ROOT]

[ROOQT, 1]

[ROOT]

[ROQT, npuwen]

[ROQT, npuwen, K]
[ROQT, npuwen, K, Tebe]
[ROOT, npuwen, K]
[ROQT, npuwen]

[ROOT, npuwen, c]
[ROOT, npuwen, c, npuseTom]
[ROQT, npuwen, c]
[ROQT, npuwen]

[ROOT, npuwen, .]

1. Left-Arc,  o|w, w;|B, A=> o, w;| B, AU{r(w,w,)}
Precondition: (w,, r’, w;,) € A, w; 2 ROOT
2. Right-Arc, o|w, w;|B, A= o|w;|w, B, AU{r(w,w,)}
3. Reduce olw,B,A=>0,B A
Precondition: (w,, r’, w;,) € A
4. Shift o, w;|B,A=>c|w, B, A

B A

[9, npuwen, K, Tebe ...] O

[npuwen, K, ...] 1)

[npuwen, K, ...] {nsubj (npuwen, a)} = A,

[k, Tebe, ...] A, U {root(ROOT, npuwen)} = A,
[Tebe, c, ...] A, U {prep(npuwen, K)} = A,
[c, npuBeTOMm, .] A, U {pobj(k, Tebe)} = A,

[c, npuBeTOMm, .] A,

[c, npuBeTOMm, .] A,

[npuBeTOM, .] A, U {prep(npuwen, c)} = Ac
[.] Ac U {pobj(c, npusetom)} = A,
[] A,

[] A,

[l A; U {(punc(npuwen, .)} = A,

no motusam [Chris Manning]



Kak BblbpaTb gencrasme?

O6yyaem Knaccudpukatop (Hanpumep, SVM) Ha ocHoBe
pasmeyeHHbIX JaHHbIX

— HETMNU3UPOBAHHbIE OTHOWEHMA: 4 «Knacca»

— TUNU3UPOBAHHbIE OTHOWeHUA: |R|*2 + 2

[TpU3HaKMN:

— C/I0BO Ha BepluMHe cTeka/nepBoe cnoBo B bydepe,

— 4acTu peum,

— paccTosHue,

— C/I0Ba MmexKay,

— BA/JIEHTHOCTb M T.A.

HeT NOMCKa BapMaHTOB =2 NPoM3BOAUTENBHOCTD (!)

KayecTBo cpaBHMMO C LPCFGs

[Chris Manning]



OueHKa

Acc = # correct deps

m W # of deps
ROOT ﬁn\p Lien Kk tTebe ¢ NpuBeTOM. UAS=5/6 = 83%

0 1 2 3

5

LAS = 4/6 = 67%

OnoTowu cTaHaapT
A

npuLLEn

K

Tebe

C
NPUBETOM

OOk, WOWDNEFE W
OO WNODN

nsubj
root
prep
pob)
prep
pob)

Pa3bop

1 2 4 nsubj
2 0 npuwen root
3 2 K prep
4 3 Tebe dobj
5 1 c prep
6 5 npuBetom pobj

no motneam [Chris Manning]




HenpoceteBoun napcep

 We extract a set of tokens based on the stack / buffer positions:

Stack Buffer
i ROOT has VBZ ~ good-JJ E control_NN
g/‘nsub‘]
He_PRP
word POS dep.
S good J) 7
52 has VBZ 2
b1 control NN Z
Ic(S1) =p @ + @ + ©
rc(s1) 2 i “
lc(s>) He PRP nsub)j
re(sz) @ Z 7

e We convert them to vector embeddings and concatenate them

[Chen & Manning 2014], chanabl Manning & Socher



ApPXUTEKTYypa

Softmax probabilities

Output layer y cross-entropy error will be

y = softmax(Uh + b,) MJ back-propagated to the
embeddings.

Hidden layer h

h = ReLU(Wx + b,) M

Inputlayerx |C_ )L @09 @00 ECT

lookup + concat 1A
Stack Buffer
: ROOT has VBZ good JJ control NN
nsun
He PRP

[Chen & Manning 2014], chanabl Manning & Socher



Parser
MaltParser
MSTParser

TurboParser

C& M 2014

OueHKa

UAS LAS
39.8 87.2
91.4 38.1
92.3* 89.6%*

92.0 89.7

sent. /s
469
10

654

1/2n/1Q



MAPCEPbI A/14 PYCCKOIO



AOT

Input Your text: Russian ~

NounoHckKMi byTOonpHEl kEnyS «Uencuy» oSBABMI O HASHAUSHWM
MTANsAHLA AHTOHMO KOHTEe HOBHM IJIAEBHEM TDEHEDOM.

Submit Request

r_nu4H

nr

npun_cyuy EeHUT_ur

JNoHpoHcKkMn dyTOONbHBIN KNYG « Yencu » 0DbABUN O HasHauyeHun

npun_cyuy

] |

nTanbAHUa AHTOHMO KOHTe HOBbIM rnasHbIM TPEHEPOM .

http://www.aot.ru/docs/synan.html 65
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JTAIl-3

S lem S MH MY3K 1M O

e N[ 28

COPHANA - < - << -] npean =] 3.CEPMAN | 5 EQ MK POO HEOD

L mm S E[] 3KEH M HEQZ,

TIPECTOMOE" - - = < - oD keaznarent )| 5.MPECTON | = MH MY>K POL HEOR
Kr-------------- [ 6. kM7 | sEQmKMM oD

HKapyHITOH -~ - \(m-) | 7. xAPMHITOH | ND

e I T | 8.m | com

Poys-------oooo COY-COHEH |—|

e . W)-)Im S E] MY3K PO OA
ETMepERIE - - ------ lm AV

HA-------------- PR

mryBmme - Ak - hlm S E[] KEH NP HEOZ,
KAK --------------- COMNJ

TMApE, -k \mm S Efl MY3K POJL HEOZL
coobmaer----------- [ 17. COOBWATE | v HECOB M3bAB HENPOL EX 3-1
Metro ----------mmeemi e npeguk lm MID

http://proling.iitp.ru/ru/etap3
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TomuTa-napcep

PeannsyeTr KOHTEKCTHO-CBOOOAHbIE
rPAMMATUKMU

Anropntm GLR — napcuHra
(http://ru.wikipedia.org/wiki/GLR-napcep)

He ucnonbayeTca And NOAHOro
CUHTaKcKYyecKoro pasbopa npeasioxeHus

Ncnonb3yeTcs AnAa BblaeNeHNA MMEHOBAHHbIX
CYLLHOCTEN U OTHOLWEHUM (paKTOoB)

https://tech.yandex.ru/tomita/



http://ru.wikipedia.org/wiki/GLR-парсер
http://ru.wikipedia.org/wiki/GLR-парсер
http://ru.wikipedia.org/wiki/GLR-парсер
https://tech.yandex.ru/tomita/
https://tech.yandex.ru/tomita/

MaltParser

Table 4. Parsing results on development set of SynTagRus; labeled
attachment score (LAS) and unlabeled attachment score (UAS)

LAS UAS
SynTagRus tags, poly-SVM 83.4 89.4
MTE tags, poly-SVM 82.8 88.8
MTE tags, linear SVM 82.2 88.0

http://corpus.leeds.ac.uk/mocky/

[Sharoff& Nivre, 2011]


http://corpus.leeds.ac.uk/mocky/
http://corpus.leeds.ac.uk/mocky/

SyntaxNet

e feature embeddings
* beam search
* global normalization

WSIJ Union-News Union-Web Union-QTB
Method UAS LAS UAS LAS UAS LAS UAS LAS
Martins et al. (2013)* 092.89 90.55 93.10 91.13 88.23 83.04 9421 91.54
Zhang and McDonald (2014)* 03.22 91.02 93.32 91.48 88.65 83.59 93.37 90.69
Weiss et al. (2015) 03.99 92.05 9391 92.25 80.29 86.44 94.17 92.06
Alberti et al. (2015) 04.23 92.36 94.10 92.55 80.55 R6.85 94.74  93.04
Our Local (B=1) 02.95 91.02 93.11 91.46 88.42 R85.58 92.49 90.38
Our Local (B=32) 03.59 91.70 03.65 92.03 88.96 86.17 9322 91.17
Our Global (B=32) 94.61 92.79 94.44 92.93 90.17 87.54 95.40 93.64

Parsey McParseface (B=8) 94.15 92.51 890.08 86.29 94.77 93.17

Language No. tokens POS fPOSs Morph UAS LAS
Russian-SynTagRus 107737 98.27% - 9491%  91.68%  87.44%
Russian 9573 95.27%  95.02% 87.75% 81.75% 77.7/11%

https://research.googleblog.com/2016/05/announcing-syntaxnet-worlds-most.html
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CoNLL-U ¢popmart

ID FORM LEMMA UPOSTAG | XPOSTAG  FEATS HEAD | DEPREL | DEPS | MISC
1-2:Vamonos: __ _ _ _ _ _ _ _

1 Vamos ir VERB _ Mood=Imp |Number=Plur |Person=1 0 root _ _

2 Inos Inosotros IPRON _ IPronType=Per | Number=Plur |Person=1 | 1 Iexpl _ _
3-4ial _ _ _ _ _ _ _ _

3 a a ADP _ _ 5 case _ _

4 el el DET _ Definite=Def | Number=5ing| 5 det _ _

5 mar mar NOUN _ Number=Sing|Gender=Masc 1 nmod _ _

6 . E 1 E punct

1. 1D: Word index, integer starting at 1 for each new sentence; may be a range for tokens with multiple words.

2. FORM: Word form or punctuation symbol.

3. LEMMA: Lemma or stem of word form.
4, UPOSTAG: Universal part-of-speech tag drawn from our revised version of the Google universal POS tags.

[%)]

W o =

1

(=]

. XPOSTAG: Language-specific part-of-speech tag; underscore if not available.
. FEATS: List of morphological features from the universal feature inventory or from a defined language-specific extension; underscore if not available.

. HEAD: Head of the current token, which is either a value of ID or zero (0).

. DEPREL: Universal dependency relation to the HEAD (root iff HEAD = 0) or a defined language-specific subtype of one.
. DEPS: List of secondary dependencies (head-deprel pairs).

. MISC: Any other annotation.

http://universaldependencies.org/format.html
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L o N B O Y R O R o W b

ol W

[Tpnmepbl

KaK _ ADV _ Degree=Fos | £POS=ADV++ 2 advmod _

cOenaTe VERE _ Aspect=Perf |VerbForm=Inf | fPOS=VERB++ 0 ROQT _

us ADP fPOS=ADP++ 4 case _ _

Bymarer NOUN _ Animacy=Inan|Case=Gen|Gender=Fem|Number=Sing | fPOS=NOUN-++ 2
posy _ NOUN _ Animacy=Inan|Case=Dat|Gender=Masc|Number=Sing| fPOS=NOUN++ 2
Kak ADV Degree=Pos | fPOS=ADV++ 2 advmod _

CHENaTE VERB . Aspect=Perf |VerbForm=Inf | fPOS=VERB++ 0 ROQT _ _

MEUIEHEE ADJ Animacy=Inan|Case=Acc|Degree=Fos |Number=Plur | fPOS=ADJ++ 4 amod _ _
OYSHEPKM NOUN . Animacy=Inan|Case=Acc|Gender=Masc|Number=Plur | fPOS=NOUN++ 2 dobj

B . ADP fPOS=ADP++ 7 case _ _

IOOMaMHAX _ ADJ _ Case=Loc | Degree=Pos | Number=Plur | fPOS=ADJ++ 7 amod _ _
VCIIOBMAX _ NOUN _ Animacy=Inan|Case=Loc |Gender=Neut | Number=Plur | fPOS=NOUN++ 2 nmod
Kak ADV fPOS=SCONJ++ 2 advmod _ _

BeICTPO ADV Degree=Pos | fPOS=ADV++ 3 advmod _

NOXyIeThk . VEREB . Aspect=Perf |VerbForm=Inf | fPOS=VERB++ 0 ROQT _ _

Ha ADP fPOS=ADP++ & case _ _

10 NUM _ fPOS=NUM++ & nummod

KT NOUNM _ Animacy=Inan | Case=0Gen | Gender=Masc | Number=Plur | fPOS=NOUN++ 3 dobj



OLIEHKA



OueHKa napcepos (2011-2012)

Konnekuua:

— cMmecb KaHpos (HKPA)
— HoBocTh (POMMIN)

ToKkeHn3aumnA

3onoton ctaHaapT — 800 npeasoKeHUU
(500+300)

MeTpUKa: 4018 NPaBUIbHbIX 3aBUCUMOCTEN
(+ py4Haa npoBepKa HecoBnageHUi)

/ Y4aCTHUKOB
C/IOXKHOCTU YHUPUKALLNY

http://www.dialog-21.ru/evaluation/2012/syntax/
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Pesynbratbl (UAS)

|/ P R F ]
Trieste 0,952 0,983 0,967 Compreno
Marceille 0,933 0981 0,956 ITAIN-3
Barcelona 0,895 0,980 0,935 SyntAutom
Toulon 0,889 0947 0917 SemSyn
Brega 0,863 0,980 0,917 Dictum
Semantic analyzer
Nice 0,856 0,860 0,858 group

Napoli

0,789

0,975

0,872

AotSoft
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