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OcHoBbl 06paboTKM TEKCTOB

CuHTaKkcuc

[NpennoxeHne — 3T0 eAuHULLA A3blKa, KOTopas npeacTaBnseT codom
rpaMmMaTUYecKn opraHM3oBaHHOE coeguHEHME CnoB, obnaaatoLlee

CMbICITOBOU 3aKOHYEHHOCTbIO.

[ paMmmaTuka — pasgen NUHIBUCTUKU, KOTOPLIN N3ydaeT
3aKOHOMEPHOCTU NOCTPOEHNA NPaBUNTbHLIX OCMbICIIEHHbLIX PeYeBbIX
OTPe3KoB (CnoBodopM, CIIOBOCOYETAHUN, NMPEONOXEHUN, TEKCTOB).

CUHTaKkcmnc — pasgen NUHIBUCTUKKU, U3ydaloLmm u Mogenmpytowwmnm
npasuna, no KOTopbIM 0DpasyTCcs eanHULbl, bonee KpynHble, Yem
CNOBO, 8 UMEHHO CITOBOCOYETAHUA N NPeaoXKEHUS.



OcHoBbl 06paboTKM TEKCTOB

CuHTakcu4deckmne npasuna

° CyIJ.I,eCTBVITeJ'IbHOe CO4ETAaETCA C NnpmnaratesibHbIM

————————————————————————————————————————————————————————————————

_____________________________

 [naron codyeTtaeTcd ¢ HapevYnem

_______________________________________________________________________

______________________________________________________________________
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OcHoBbl 06paboTKM TEKCTOB

CuHTaKkcu4yeckasa CTpyKTypa

[lpencTaBneHne NpeanoXeHus B BUAE BIIOXEHHbLIX COCTaBAIOLLMX.
CocrtaBngawouwas (dpasa, CMHTakcuyeckas rpynna) — CTpyKTypHag
eauHULUAa npeanoXXeHus, coctaBneHHas u3 bonee TeCHO CBA3aHHbLIX

OPYr C ApYyromM COCTaBMALWMX MEHbLUEro pasmMepa.

OmunTpun cneLwun Ha paboTy




OcHoBbl 06paboTKM TEKCTOB

CuHTakcu4deckmne npasuna

« CyuwecTBuTenbHoe ynpasndeT npunaraTenbHbIM

————————————————————————————————————————————————————————————————————

—————————————————————————————————————

° I'Ipennor ynpasJideT CyLleCTBUTENbHbIM

_____________________

_______________________________________
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OcHoBbl 06paboTKM TEKCTOB

CuHTakcu4deckmne npasuna

B 3aBMCMMOCTK OT rMaBHOrO CrioBa B CNIOBOCOYETAHUU BbIOENAOT
* KVMmeHHble rpynnbl (rMaBHOE — CyLWEeCTBUTENBLHOE)
« [pynna npunaraTtenbHoro
 Hape4yHaga rpynna
« [lpenonoxHasa rpynna
« [naronbHag rpynna

* [lpegnoxeHue

meHHasa rpynna




OcHoBbl 06paboTKM TEKCTOB

CuHTakcu4deckmne npasuna

B 3aBMCMMOCTK OT rMaBHOrO CrioBa B CNIOBOCOYETAHUU BbIOENAOT
* KVMmeHHble rpynnbl (rMaBHOE — CyLWEeCTBUTENBLHOE)
« [pynna npunaraTtenbHoro
 Hape4yHaga rpynna
« [lpenonoxHasa rpynna
« [naronbHag rpynna

* [lpegnoxeHue

meHHas rpynna

MmeHHaga rpynna




OcHoBbl 06paboTKM TEKCTOB

CuHTaKkcu4yeckasa CTpyKTypa

« Kaxxgown cocTaBnsawLwen Ha3sHa4YaeTcqa TUn B 3aBUCUMOCTU OT
rMaBHOMo crnoBsa

NP \
/N

NOUN VERB PREP NOUN

OmunTpuin cneLwun Ha paboTy




OcHoBbl 06paboTKM TEKCTOB

dopmanbHaga rpammMmaTtmka

« Cnocob onuncaHus popmarnbHOro siblka.

« opmarnbHaga rpaMmmMmaTtka COCTOUT U3:
* > — MHOXECTBO TEPMUHAJIbHbIX CUMBOJI10B
e N — MHOXeCTBO HETEPMUHAJIbHbIX CUMBOJ10B
« P — Habop npaBun BbiBOga a« — f, rae
* a — NnocnegoBaTernbHOCTb CUMBOSIOB N3 X U N, XOTH Obl 0guH n3 N
* [ — nocnepoBaTesibHOCTb CMMBONOB U3 X U N

* S — HavanbHbIK cuMBOJS (M3 N)



OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

« P — Habop npaBusn BbiBoAa a — f3, rae
¢ — NnocriegoBaTenbHOCTb CUMMBOMOB U3 X U N, XoTa Obl oaAuH n3 N
* [/ — nocnegoBaTenNbHOCTbL CUMBONOB U3 X U N

* lepapxna XOMCKOro

* TN 0. HEOrpPaHNYEHHbIE FTPaMMaTUKK
nodble npasuna

* TN 1. KOHTEKCTHO-3aBUCMMbIE rPaMMaTUKK
npaswuna evaa c;Ac, — c1f¢y

* TUN 2. KOHTEKCTHO-CBOOOAHbIE rPaMMaTUKN
npasuna Bupa A — f

* TUN 3. perynapHble rpaMmmMmaTuKkm
npasunasmgad — a, A —>aBnmnAi — ¢



OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—>NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

S

S

VNS RN N R

NN N NN
N WNRS

N~
N
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—>NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

1
S—>NPVP

I

NP VP

VNS RN N R

NN N NN
N WNRS

N~
N

12/163



OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

4
NP VP - ProVP

I

NP VP

VNS RN N R

NN NN
W NS

N
N

N~
N

Pro
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

12
ProVP—->IVP

I

NP VP

VNS RN N R

NN NN
W NS

N
N

N~
N

Pro
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

IVPiI Verb NP
S
BN
NP VP
AN

NP

VNS RN N R

NN NN
W NS

N
N

N~
N

Pro Verb
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

9
I Verb NP — I booked NP
NP VP \

NP

VNS RN N R

NN NN
W NS

N
N

N~
N

Pro Verb
I I

|| | booked
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP —» Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

5

I booked NP — I booked Det NP
/ S \

NP VP \

NP \

VNS RN N R

N
S

Z

T
N
N

NN
W N

N
N

N~
N

Pro Verb Det
I I

|| | booked
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OcHoBbl 06paboTKM TEKCTOB

dopmanbHasa rpaMmmarTmka

X = {booked, flight, Moscow, I, a, from} 1. S->NPVP
N = {S,VP,NP, PP,Verb, Noun, Pro, Det, Prep} 2. VP - Verb NP
3. VP - Verb NP PP
13
I booked Det NP — I booked a NP 4. NP - Pro
S 5. NP - Det NP
/ 6. NP — Noun PP
\ /. NP - Noun
NE vE \ 8. PP — Prep Noun
9. Verb — booked

Z

U
N
S

. Noun — flight

. Noun =- Moscow
Pro -1

Det = a

Det — the

Prep = from

Z

T
N
N

NN
W N

N
N

N~
9

Pro Verb Det
I I I

|| |booked | |a
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =- Moscow
., Pro — 1

. Det = a

Det — the

Prep = from

6

I booked a NP - I booked a Noun PP
/ S \

NP VP \

NP \

VNS RN N R

N
S

N
N

Z
U
7
N
N

-

o
M
“

N
N

N~
N

Pro Verb Det | | Noun
I I I

|| |booked | |a
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from} 7. S— NPVP
N = {S,VP,NP, PP,Verb, Noun, Pro, Det, Prep} 2. VP —>VerbNP
3. VP - Verb NP PP
8
I booked a Noun PP = I booked a Noun Prep Noun 4. NP - Pro
S 5. NP - Det NP
/ 6. NP — Noun PP
\ /. NP — Noun
s Ve \ 8. PP — Prep Noun
9. Verb — booked

Z

U
N
S

. Noun — flight

11. Noun - Moscow
NP
N\ 12 Pro = I
PP 13. Det - a
/ \ 14. Det — the

N~
N

Prep = from

Pro Verb Det | | Noun Prep Noun
I I I

|| |booked | |a
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OcHoBbl 06paboTKM TEKCTOB

dopmarnbHaga rpaMmmMmaTtmka

X = {booked, flight, Moscow, I, a, from}
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep}

S—-> NPVP

VP - Verb NP
VP - Verb NP PP
NP - Pro

NP - Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun — flight

. Noun =» Moscow
., Pro — 1

. Det = a

Det — the

Prep — from

10 15 11
I booked a Noun Prep Noun — — — I booked a flight from Moscow

/S\
NP VP\
NP\

VNS RN N R

N
S

N
N

Z
U
7
N
N

-

o
M
“

AN

Pro Verb Det | | Noun Prep Noun
I I I I I I

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

N
N

N~
N
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OcHoBbl 06paboTKM TEKCTOB

[TocTpoeHne rpaMmmMaTnKn

(S
(NP
(Pro 1))
(VP
(Verb booked)
(NP
(Det a)
(NP
(Noun flight)
(PP
(Prep from)
(Noun Moscow))))))




[TocTpoeHne rpaMmmMaTnKn

OcHoBbl 06paboTKM TEKCTOB

(S

(NP

(VP

(Pro 1))

(Verb booked)

(NP

(Det a)
(NP

(Noun flight)
(PP
(Prep from)
(Noun Moscow))))))

1

S-> NPVP




[TocTpoeHne rpaMmmMaTnKn

OcHoBbl 06paboTKM TEKCTOB

(S

(NP

(VP

(Pro 1))

(Verb booked)

(NP

(Det a)
(NP

(Noun flight)
(PP
(Prep from)
(Noun Moscow))))))

7. S-> NPVP
2. NP - Pro




[TocTpoeHne rpaMmmMaTnKn

OcHoBbl 06paboTKM TEKCTOB

(S

(NP

(VP

(Pro 1))

(Verb booked)

(NP
(Det a)
(NP

(Noun flight)
(PP
(Prep from)
(Noun Moscow))))))

7. S-> NPVP
2. NP - Pro
3. Pro-1




[TocTpoeHne rpaMmmMaTnKn

OcHoBbl 06paboTKM TEKCTOB

(S

(NP

(VP

(Pro 1))

(Verb booked
(NP
(Det a)
(NP

)

(Noun flight)
(PP
(Prep from)
(Noun Moscow))))))

NN =

S—-> NPVP
NP - Pro
Pro =1

VP - Verb NP




OcHoBbl 06paboTKM TEKCTOB

Pa3bop npeanoxeHus

* Ha Bxoge: nocrnegoBaTtenbHOCTbL CUMBOOB 13 X (CnoBa)

 Ha BbIxoge:
« CMHTaKcH4eckoe aepeBo
 [TocnepoBaTenbHOCTb NPaBuUn AN reHepaumm BXOJHOM CTPOKU

* MeToabl NOCTPOEHNA AepeBa:
» CBepxy-BHU3
3 HayanbHOro cumBeona S, BbiIBECTU BXOOHYH CTPOKY
» CHU3y-BBEPX
13 BXOOHOW CTPOKU BbIBECTU HA4YasbHbIN CUMBOS S



OcHoBbl 06paboTKM TEKCTOB

Anropntm CYK

 [1ns pabotbl Heobxoanma KC rpammaTtmnka B HopmanbHOW doopme
Xowmckoro (CNF)
* Bce npaBuna gomkHbl UMeTb BUA: A — BCuin A — f3

 Jllobas KC rpammaTmka MOXeT ObiTb NpeobpasoBaHa B CNF (kpome npasuna
§—¢€)

* ANropuTM no3BONSAET onpeaennTb BbIBOAUMO NN NMPEaSIOXKEHNE B
3agaHHon KC rpammaTumke

* [1pn HebonbLLION MoaudonKaumm ariropuTM CTPOUT BCE BO3MOXKHbIE
pa3bopbl NPeanoXeHus



OcHoBbl 06paboTKM TEKCTOB

Anroputm CYK

00NN N R

S—- NPVP
VP - Verb NP
VP - Verb NP PP

NP - Pro

NP — Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
Noun = flight

. Noun » Moscow

Pro -1

Det — a

Det — the
Prep - from

VRN RN N

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — [

NP — Det NP
NP - Noun PP
NP - flight

NP = Moscow
PP — Prep Noun

. Verb - booked

Noun = flight
Noun — Moscow
Pro -1

Det = a

Det — the

Prep — from
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OcHoBbl 06paboTKM TEKCTOB

Anropntm CYK

* /lneqa anroputma 3akno4yaeTca B pacCMOTPEHNN BCEX NOACTPOK
MCXOQHOWU CTPOKU

 [1na kaxkgon NnoacTpoKu onpeaennTb, MOXHO N BbIBECTU €€ B 3a4aHHOW
rpaMmMaTtuke, 3Haqa Kakme rnoAcTpPOKN MeHbLLEro pasmepa MOXHO BbIBECTU B
9TOU rpaMmmaTtuke

A->BC




OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
15. Noun - Moscow
14. Pro = 1
NP Noun Noun 15. Det - a
Pro verb Det NP Prep NP 16. Det — the
17. Prep = from
I booked a flight from Moscow

31/163



OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
15. Noun - Moscow
2 14. Pro — I

;;rb Det Noun Pre Noun 15. Det = a
Pro NP p NP 16. Det - the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP - flight
NP — Moscow

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
15. Noun - Moscow

14. Pro > 1
NP Noun Noun 15. Det - a
D P
Pro Verb et NP rep NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP —» Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
NP 15. Noun - Moscow
| 14. Pro - 1
NP un Noun 15. Det - a
Pro verb Det NP Prep NP 16. Det — the
17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
15. Noun - Moscow
14. Pro = 1
N

NP Verb Det Noun p Noun 15. Det - a

Pro «r ¢ NP rep NP 16. Det — the
17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP —» Prep Noun
11. Verb — booked

12. Noun - flight
NP PP 13. Noun — Moscow
T— 14. Pro - I
NP Verb Det Noun P:ep Noun 15. Det - a
Pro NP NP 16. Det — the
17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP - Noun PP
NP — flight
NP = Moscow
10. PP — Prep Noun
11. Verb — booked
\ 12. Noun - flight
NP PP 13. Noun — Moscow
14. Pro —» 1

00NN N R

Verb Det Noun Pre Noun 15. Det = a
Pro NP p NP 16. Det - the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP - Noun PP
NP — flight

NP = Moscow
10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
NP PP 15. Noun - Moscow
Q 14. Pro - 1

00NN N R

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP > Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

P 10. PP — Prep Noun
~_ 11. Verb — booked

~~— 12. Noun - flight
NP PP 15. Noun - Moscow
14. Pro - 1

NP Ve;ﬂb Dot Noun Do Noun 15 Det - a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP - Noun PP
NP — flight
NP — Moscow

00NN N R

10. PP — Prep Noun

e NP 11. Verb — booked

12. Noun - flight
NP PP 13. Noun - Moscow
1! 14. Pro -1

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

00NN N R

. PP - Prep Noun

e NP 11. Verb — booked

12. Noun - flight
NP PP 13. Noun - Moscow
i 14. Pro > I

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP —» Det NP

NP — Noun PP
NP — flight

NP NP — Moscow

00NN N R

. PP - Prep Noun

VP NP 11. Verb — booked

12. Noun - flight
I\/IP PP 13. Noun — Moscow
14. Pro - 1

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* - NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

VP*

00NN N R

10. PP — Prep Noun
N
VP \ 11. Verb - booked

] N\ 12. Noun - flight
NP PP 15. Noun - Moscow
14. Pro - 1

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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OcHoBbl 06paboTKM TEKCTOB

S—- NPVP
VP > Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

VP

NP — Noun PP
NP — flight
NP — Moscow

‘ \KP*
NP

00NN N R

10. PP — Prep Noun
11. Verb — booked

12. Noun - flight
NP PP 15. Noun - Moscow
14. Pro - 1

NP V(;rb Dot Noun Do Noun 15 Det - a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

;P* NP — Noun PP
S NP — flight
NP NP — Moscow

00NN N R

10. PP — Prep Noun
VP/ NE 11. Verb — booked

NP PP 15 Noun — Moscow

/ 12. Noun - flight
14. Pro -1

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

VP*
NP

00NN N R

10. PP — Prep Noun

e NP 11. Verb — booked

12. Noun - flight
NP pp 13. Noun = Moscow
| 14. Pro - I

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

VP VP

NP — Noun PP
NP — flight
NP — Moscow

VP*
NP

00NN N R

10. PP — Prep Noun

e NP 11. Verb — booked

12. Noun - flight
NP PP 15. Noun - Moscow
| 14. Pro —» I

NP Verb Det Noun Pre Noun 15, Det —» a
Pro NP p NP 16. Det — the

17. Prep = from

I booked a flight from Moscow
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S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

NP — Noun PP
NP — flight
NP — Moscow

‘ \KP*
NP

00NN N R

. PP - Prep Noun
11. Verb — booked

.VP NP

12. Noun - flight
I\/IP PP 13. Noun — Moscow
T 14. Pro — I

i v ~—
NP ‘ \ Noun \ Noun 15. Det > a

D P
Pro Verb et NP rep NP 16. Det - the

17. Prep = from

I booked a flight from Moscow
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S—- NPVP
VP - Verb NP
VP - VerbVP*

Anroputm CYK

VP* —- NP PP
NP — |
NP — Det NP

;P* NP — Noun PP
SS NP — flight
N NP — Moscow

00NN N R

10. PP — Prep Noun
N
VP/ \ 11. Verb - booked

] \\ 12. Noun - flight
/ NP PP 13. Noun —» Moscow
' T 14. Pro - I
NP Ve‘rb D;t un P:ep Noun 15. Det - a
Pro NP NP 16. Det — the
17. Prep = from

I booked a flight from Moscow
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NP

OcHoBbl 06paboTKM TEKCTOB

HeogHO3HA4YHOCTb A3blKa
N

VP\
NP\

N

Verb

Det

Noun Prep Noun

booked

flight | | from || Moscow

TN

e

T~

NP \ / PP \
Pro Verb Det || Noun Prep Noun
] | ] I I |
| || booked || a || flight || from || Moscow

S-> NPVP
VP - Verb NP
VP - Verb NP PP

NP - Pro

NP — Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Noun — flight

00NN N R

10.
11.
12.
13.
14.
15.

Verb — booked
Noun —» Moscow
Pro — 1

Det = a

Det — the

Prep — from




OcHoBbl 06paboTKM TEKCTOB

Bbibop nyywiero gepesa

« 3agagMM KaXxkgomy npaBuiy BEPOSTHOCTb
ero NpUMeHeHus

* bynem oueHnBaTb BEPOATHOCTb pa3bopa,
Kak Npou3BeaeHmne BEPOATHOCTEN NpaBus, y4acTBYOLLNUX B HEM

ptree) = | |p(ai - )

_ Count(a —» B)
pla=p)= Count(a)

t*(s) = arg LTSS p(t)



OcHoBbl 06paboTKM TEKCTOB

Bbibop nyywiero gepesa

« 3agaanm KaxkaomMy npaBuily BEPOATHOCTb
ero NPUMeHeHu

* bynem oueHnBaTb BEPOATHOCTb pa3bopa,
Kak Npou3BeaeHmne BEPOATHOCTEN NpaBus, y4acTBYOLLNUX B HEM

1. S->NPVP 1.0

2. VP —>Verb NP 0.9

pleree) Up(“‘ R 3. VP - Verb NP PP | 0.1
4. NP - Pro 0.2

Count(a — ) 5. NP - Det NP 0.3

pla=B) == i@ 6. NP > Noun PP | 0.1
/. NP - Noun 0.4

8. PP — Prep Noun | 1.0

t*(s) = arg max p(t) 9. Verb - booked 1.0

teT(s)

10. Noun - flight 0.3
11. Noun - Moscow | 0.7




OcHoBbl 06paboTKM TEKCTOB

Anroputm CYK

1. S-> NPVP 1.0
2. VP —>Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
11. Verb — booked 1.0
12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
14. Pro — 1 1.0
15. Det —» a 0.5
16. Det — the 0.5
17. Prep = from 1.0

NP N
Verb Det oun Prep Noun
Pro NP NP
I booked a flight from Moscow
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Anroputm CYK

S—> NPVP 1.0
VP - Verb NP 0.9
VP - Verb VP* 0.1
VP* - NP PP 1.0

NP - [ 0.2
NP - Det NP 0.3
NP - Noun PP 0.1

NP - flight 012
NP —- Moscow 0.28

VRN R N =

10. PP - Prep Noun | 1.0

11. Verb — booked | 1.0
12. Noun - flight 0.3
15. Noun — Moscow | 0.7
14. Pro -1 1.0
15. Det - a 0.5
N p-L61 o R s v 136 16. Det — the 0.5
proto  Verb | Det ;ﬂﬂ Prep 13??1_27 17. Prep — from 1.0
I booked a flight from Moscow
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Anroputm CYK

-4,01

1. S-> NPVP 1.0
2. VP —>Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
11. Verb — booked 1.0
12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
14. Pro — 1 1.0
15. Det —» a 0.5
16. Det — the 0.5
17. Prep = from 1.0

NP
Np-1e61 0.0 ‘-0.59 uit? 0.0 Noun -0-36
PT'OOO Verb Det NP-Z'ZZ Prep NP 127
I booked a flight from Moscow
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Anroputm CYK

NP-4 01 PP-0.36
r--‘--=‘;
Np-161 0.0 069 Nouil? v 0.0 Noun -0-36
PT'OOO Verb Det NP-Z'ZZ Prep NP 127
I booked a flight from Moscow

1. S-> NPVP 1.0
2. VP —>Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
11. Verb — booked 1.0
12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
14. Pro — 1 1.0
15. Det —» a 0.5
16. Det — the 0.5
17. Prep = from 1.0
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AJ‘lFOpMTM CYK 1. S—> NPVP 1.0
2. VP > Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
-4.23 11. Verb — booked 1.0
VP 12. Noun - flight 0.3
\\\ 13. Noun = Moscow | 0.7
NP_4 01 PP-0.36 14. Pro — 1 1.0
15. Det —» a 0.5
Np-161 00 069 Nouit? 0.0 Noun 93¢ 56' Det = the ?5
Pro®0 Verb Det N p 212 Prep yp LY 7. Prep - from 0
I booked a flight from Moscow
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AJ‘lFOpMTM CYK 1. S—> NPVP 1.0
2. VP —>Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP — Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
-4.23 -3.86 11. Verb — booked | 1.0
4 NP 12. Noun - flight 0.3
15. Noun — Moscow | 0.7
-4,01 -0.36 14. Pro — 1 1.0
NP PP 15. Det —» a 0.5
g Y s 16. Det — the 0.5
NP Vers’® | pét? VO prg?  Noun? 17. Prep > from | 1.0
I booked a flight from Moscow
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Anropntm CYK I SoNPVP 1.0
2. VP ->Verb NP 0.9
3 VP ->VerbVP* 0.1
4. VP*—- NP PP 1.0
5 NP -1 0.2
6. NP - Det NP 0.3
/. NP - Noun PP 0.1
sl 8 NP - flight 012
S 9. NP — Moscow 0.28
S~ 10. PP - Prep Noun | 1.0
T~ -4.23 NP3.85 11. Verb — booked | 1.0
VP 12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
4,01 -0.36 14. Pro — 1 1.0
| NP PP 15. Det - a 0.5
N p-161 " 069 Nowil? " Nowun 036 16. Det — the 0.5
Pro®0 Verb Det N p 212 Prep yp LY 17. Prep - from 1.0
I booked a flight from Moscow
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AJ‘lFOpMTM CYK 1. S—> NPVP 1.0
2. VP ->Verb NP 0.9
3. VP ->VerbVP* 0.1
4. VP* > NP PP 1.0
5. NP -1 0.2
6. NP — Det NP 0.3
/. NP — Noun PP 0.1
s 8 NP - flight 012
S -5,75 9. NP - Moscow 0.28
NP‘ 10. PP — Prep Noun | 1.0
-4.23 T s 11. Verb — booked | 1.0
VP NP 12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
-4.01 PP-0.36 14. Pro -1 1.0
NIP 15. Det - a 0.5
Np-16 0.0 Yoo Nouit? 0.0 Noun 03¢ 56' Det = the ?5
Pro®0 Verb Det N p 212 Prep yp LY 7. Prep - from 0
I booked a flight from Moscow
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AJ‘lFOpMTM CYK 1. S—> NPVP 1.0
2. VP —>Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP* > NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
o ypa’ 8 NP - flight 0.12
S N{ﬁ{% 9. NP — Moscow 0.28
N\ 10. PP = Prep Noun | 1.0
-4.23 3.86 11. Verb — booked | 1.0
VP N 12. Noun - flight 0.3
l \\ 15. Noun — Moscow | 0.7
NP_4 01 PP-0.36 14. Pro — 1 1.0
15. Det —» a 0.5
NPp-161 0.0 069 Nourt? 0.0 Noun 036 56' bet = the ?5
Pro®0 Verb Det N p 212 Prep yp LY 7. Prep - from 0
I booked a flight from Moscow
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Anroputm CYK

1. S-> NPVP 1.0
2. VP > Verb NP 0.9
3 VP ->VerbVP* 0.1
4, VP*-> NP PP 1.0
5 NP -1 0.2
6. NP — Det NP 0.3
/. NP - Noun PP 0.1
8 NP - flight 0.12
9. NP — Moscow 0.28
10. PP - Prep Noun | 1.0
11. Verb — booked 1.0
12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
14. Pro — 1 1.0
15. Det —» a 0.5
16. Det — the 0.5
17. Prep = from 1.0

-5.86
vp
\\
-4.37
-5, P*
S 5.84 N s
NP
-4.23 -3.86
|/ P NP
NP-4 01 PP-0.36
Np-161 0.0 069 Nouil? 0.0 Noun -0-36
PT'OOO Verb Det NP-Z'ZZ Prep NP 127
I booked a flight from Moscow
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AJ‘lFOpMTM CYK 1. S—> NPVP 1.0
2. VP ->Verb NP 0.9
3. VP -oVerbVP* 0.1
4. VP* > NP PP 1.0
586 667 5 NP -1 0.2
VP VP 6. NP - Det NP 0.3
[~ 7. NP - Noun PP | 0.1
o ypa 8 NP - flight 0.12
S -5,75 9. NP - Moscow 0.28
NP 10. PP - Prep Noun | 1.0
4.23 -3.86 11. Verb — booked | 1.0
VP NP 12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
-4.01 -0.36 14. Pro -1 1.0
/ NP PP 15. Det - a 0.5
Np-16 oo 069 Nouil” 0.0 Noun 03¢ 56' Det = the ?5
Pro®0 Verb Det N p 212 Prep yp LY 7. Prep - from 0
I booked a flight from Moscow
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AﬂrOleTM CYK 1. S>> NPVP 1.0
2. VP —>Verb NP 0.9
-7.47 3. VP - VerbVP* 0.1
> 4 VP >NPPP |10
TS o er 5. NP =1 0.2
VP VP 6. NP - Det NP 0.3
/. NP - Noun PP 0.1

o ypa’ 8 NP - flight 0.12

S -5,75 9. NP - Moscow 0.28
NP 10. PP - Prep Noun | 1.0
-4.23 -3.86 11. Verb — booked | 1.0
VP NP 12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
-4.01 -0.36 14. Pro -1 1.0
i NP PP 15. Det - a 0.5
Np-1é1 0.0 069 Nouit? 0.0 Noun 036 56' bet = the ?5
Pr o0 Verb Det N p212 Prep Np LY 7. Prep — from 0

I booked a flight from Moscow
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AﬂrOleTM CYK 1. S>> NPVP 1.0
2. VP —>Verb NP 0.9
-7.47 -8.28 3. VP - VerbVP* 0.1
> 5| 4. VP">NPPP |10
T~ .y 5. NP =1 0.2
VP VP 6. NP - Det NP 0.3
/. NP - Noun PP 0.1
o ypa’ 8 NP - flight 0.12
S -5,75 9. NP - Moscow 0.28
NP 10. PP - Prep Noun | 1.0
-4.23 -3.86 11. Verb — booked | 1.0
VP NP 12. Noun - flight 0.3
13. Noun —» Moscow | 0.7
-4.01 -0.36 14. Pro -1 1.0
l NP PP 15. Det - a 0.5
NP-161 0.0 069 Nouit? 0.0 Noun 036 jg g:; _)et}}i'om gz
PTOOO Verb Det NP_ZJZ Prep NP -1.27 : p ’
I booked a flight from Moscow
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HeogHO3HA4YHOCTb A3blKa

p = 0.00057
NP VP\
NP\
NP\
/i

Pro Verb Det || Noun Prep Noun

| | | I I I

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

p = 0.00025

TN

NP /VIP\
/NP\ /PP\

Pro Verb

Det || Noun Prep Noun

| |

| | | |

| || booked

a || flight | | from | | Moscow

S-> NPVP
VP - Verb NP
VP - Verb NP PP

NP - Pro

NP — Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Noun — flight

00NN N R

10.
11.
12.
13.
14.
15.

Verb — booked
Noun —» Moscow
Pro — 1

Det = a

Det — the

Prep — from




Gold:

NP

VP

AN

NP\

OcHoBbl 06paboTKM TEKCTOB

OueHkKa KadyecTBa

//

PP\

Verb

Det

Noun Prep

Noun

booked

flight | | from

Moscow

Predicted:

/S

e

VIP \

NP\ /PP\

Pro Verb

Noun Prep Noun

| || booked

flight | | from || Moscow
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OueHkKa KadyecTBa

Gold:
NP VP\

NP\

NP\

.\
Pro Verb Det || Noun Prep Noun
] ] I I I I
| || booked || a || flight | | from || Moscow
1 2 3 4 5 6

Gold:

S(1:6), NP(1:1), VP(2:6), NP(3:6), NP(4:6), PP(5:6)

Predicted:

S(1:6), NP(1:1), VP(2:6), NP(3:4), PP(5:6)

Predicted:

/S

e

VIP \

NP \ / PP \
Pro Verb Det || Noun Prep Noun
] I I I I I
| || booked || a || flight | | from || Moscow
1 2 3 4 5 6
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OueHkKa KadyecTBa

|correct|

|lgold| ’
|correct|

* Recall =

e Precision = . ;
|predicted|

2*xPrecisionxRecall _

*F1 =

)

Precision+Recall

 Gold:

S(1:6), NP(1:1), VP(2:6), NP(3:6), NP(4:6), PP(5:6)
* Predicted:

S(1:6), NP(1:1), VP(2:6), NP(3:4), PP(5:6)

4 8
Precision = — F1l =—

Recall = 3 c 17
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OcHoBbl 06paboTKM TEKCTOB

[ paMmMaTrKa 3aBUCUMOCTEN

« PopmarnbHaa Moaernb onucaHns CTPYKTYpPbl CIIOBOCOYETAHNN
(NnpeanoXxeHnn)

* OnuncbiBaeTcd B Bnae nepapxmmn CiioB, Mmexagy KOTopbiMA
YCTaHOBJ1EHO 6|/|HapHoe OoTHOWEeHne 3aBMCMMOCTU

 PaznnyaloT TMnbl 3aBUCUMOCTEN (COOTBETCTBYIOT TUMNaM
CUHTaKCUYeCKUX npaBun)

onpen




OcHoBbl 06paboTKM TEKCTOB

[ paMmMaTrKa 3aBUCUMOCTEN

* [lepeBo cocTaBnaAlWMX MOXKET ObITb Npeobpa3oBaHO B AEPEBO

3aBMCUMOCTEN

NOUN

Omutpuin

VERB

crnewun

PREP

PP

N

NOUN

OMuTtpnn cneLwumnn

paboty

Ha

paboty




OcHoBbl 06paboTKM TEKCTOB

[ paMmMaTrKa 3aBUCUMOCTEN

 He Bce cMHTaKcu4yeckmne OoTHOLLEHUS NMoaYNHUTENbHbIE
e CouymMHUTENbHAS rpyrnna

N N 'V "

OmuTpuin " Oner OmnTpui 7 Oner Omutpun n Oner

e CNOXXHOCOYMNHEHHbIE npenyoXeHus

T~

Al |nosmo | |pblby | |,||a]| |OH| | cobupaeT | | rpnbobl
— T~ N

Al |noeno | |pblby||,||a]||OH]| | cobupaeT | | rpndsbl
T~ N

Al |noemo | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
— P —Y

Al |nosmo | |pblby||,| |a]| |OH| | cobupaeT | | rpnbobl
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[ paMmMaTrKa 3aBUCUMOCTEN

 He Bce cMHTaKcu4yeckmne OoTHOLLEHUS NMoaYNHUTENbHbIE
e CouymMHUTENbHAS rpyrnna

N N\ 'V "

Omntpun n Oner Omntpun 7 Oner OmnTpuin n Oner

e CNOXXHOCOYMNHEHHbIE npenyoXeHus

— —~—~— / CuHTarPyc
Al |noemo | |pblby | |,| |a]| |OH| | cobupaeT | | rpndobl
— T~ N
Al |noeno | |pblby||,||a]||OH]| | cobupaeT | | rpndsbl
T~ N
Al |noemo | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
— P —Y
Al |nosmo | |pblby||,| |a]| |OH| | cobupaeT | | rpnbobl
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[ paMmMaTrKa 3aBUCUMOCTEN

 He Bce cMHTaKcu4yeckmne OoTHOLLEHUS NMoaYNHUTENbHbIE
e CouymMHUTENbHAS rpyrnna

N N\ 'V "

Omntpun n Oner Omntpun 7 Oner OmnTpuin n Oner

e CNOXXHOCOYMNHEHHbIE npenyoXeHus

— —~—~— /CMHTarPyc
Al |noemo | |pblby | |,| |a]| |OH| | cobupaeT | | rpndobl
— T~ N
Al |noeno | |pblby||,||a]||OH]| | cobupaeT | | rpndsbl
T~ TN
Al |noemo | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
_— o, / UD SynTagRus
Al |noemo | |pblby | |,| |a]| |OH| | cobupaeT | | rpnbobl




OcHoBbl 06paboTKM TEKCTOB

Universal Dependencies

* 141 A3bIKOB
* YHMBepcanbHbIh HADOP rpaMMaTUYECKNX KaTeropum
* YHMBEpCaribHblh HADOP CMHTAKCUYECKNX OTHOLLIEHWUI

« 245 HabopoB aaHHbIX (CoNLL-U dopmar)
* HacTb pasmMedeHa BPYy4YHYHo
« HacTb CKOHBeEpTUpPOBaHa U3 Apyrmx opmaTtos

https://universaldependencies.org



https://universaldependencies.org/
https://universaldependencies.org/

OcHoBbl 06paboTKM TEKCTOB

MeToabl AMHaMUYECKOro NPorpaMmMnpoBaHUS

* HekoTopoe obobuleHne anroputma CKY ansa rpammartuk
3aBNCUMOCTEN
« CTpountcs aepeBo pasbopa npeanoXXeHns CHU3Yy-BBEPX
* Ha kaxxgom atane paccMmaTtpuBaroTcs NOACTPOKN UCXOOHOM CTPOKU

« Ecnn nogcTpoka cocTouT 13 ABYX AEPEBLEB, OLIEHMBAETCA NeBas U npasas
ayra mexay HUMMU:
» score(A) = score(B) + score(C) + score(arc)

« BapuaHThl
 Anroput™ KonnuHca. CnoxHocTtb 0 (n>)

« Anroputm dicHepa. CnoxHocTb 0(n?)




OcHoBbl 06paboTKM TEKCTOB

Transition-based parsing

Cucmema nepexo0o8 COCTOUT U3
e C — MHOXXeCTBO KOHdurypauum
* T — MHOXecTBO nepexonos. t:C — C
* ¢, — PYHKUMA MHUUKManmsauum
* C; © C — MHOXECTBO KOHEYHbIX KOH(Urypaumn

» KoHopuzaypauusi COCTOUT U3:
e X —CTeK

* B —Oydep
« A — MHOXecTBO 3asucumoctent (i, 1, j)

° I_IOCJ'Ie,El,OBaTeJ'IbHOCTb nepexogos And nocrieaoBartesibHOCTU x.
* CO = Cs(x)
* ¢ = t(Cl 1) = 1l..m
* ¢y € G



OcHoBbl 06paboTKM TEKCTOB

Transition-based parsing

* Anroputm

 [Tony4ynTb Ha4YanbHYO KOHdUrypauuo ¢ = c.(x)
* [loka c & C;

« BbibpaTb nepexon t = argmax Score(c,t)
t

* BbinonHutb nepexon ¢ = t(c)
* /I3Bneyb MHOXXEeCTBO 3aBUCUMOCTEN U3 c. A



OcHoBbl 06paboTKM TEKCTOB

Arc-standard

* lHMumanunsauunsa

e c(x =x1 ...x,) = ([0],]13, ...,n], ©)
 KoHe4yHoe cocTosAHne

* C,={ceClc=([0],[],A4)}
* [lepexoasbl

* (Shift) (o,lilBl,A) = (lolil,B,4)
* (LeftArc;) ([olilj],B,A) = (lalj]l,B,AU{(,l,i)}),ecnni # 0
* (RightArc;)  ([olilj], B,4) = (lolil, B,AU {(i,,.))})



Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

dobj
ArC'Sta n d a rd subj det\ pmod prep
Bychep | || booked || a || flight || from || Moscow
| || booked || a || flight || from || Moscow
3aBMUCMMOCTU
Shift
(o,1ilBl, A) - ([alil, B, A)
LeftArc,
([olilj], B,A) - (laljl,B,AU {(,1,D)})
| || booked || a || flight || from || Moscow RightArc,

([olilj],B,A) - (loli], B,AU {(i, L)}




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
<root> | || booked || a || flight || from || Moscow
3aBMUCMMOCTU
Shift
(0,1ilB], 4) — (loli], B, A)
LeftArc,
([olilj].B,A) - (lolj], B,AU{(j,L,D})
| || booked || a || flight || from || Moscow RightArc,
([olilj], B, A) - (lalil, B,A VU {(i,},))})




Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Bydep
booked || a || flight || from || Moscow
3aBUCUMOCTM
Shift
(a0, 18], 4) — ([ali], B, A)
LeftArc,
([olilj1, B, A) = ([olj, B,AU{(, D}
| || booked flight || from || Moscow RightArc,

([olilj],B,A) - (loli], B,AU {(i, L)}




OcHoBbl 06paboTKM TEKCTOB

Arc-standard

Crek Bydep

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

<root> 3aBVCMMOCTH

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

| || booked || a || flight || from || Moscow RightArc,
([olilj]1. B, A) = (lali], B,A U {(i, Lj)})




Crek

booked

OcHoBbl 06paboTKM TEKCTOB

<root>

Arc-standard
Bydep
a || flight || from || Moscow
3aBMUCMMOCTU
Shift
(o,1ilBl, A) - ([alil, B, A)
LeftArc,
([olilj].B,A) - (lolj], B,AU{(j,L,D})
| || booked || a || flight || from || Moscow RightArc,

([olilj],B,A) - (loli], B,AU {(i, L)}




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
booked a || flight || from || Moscow
| 3aBUCMMOCTY
<root>
Shift
(0,1ilB], 4) — (loli], B, A)
LeftArc,
([olilj], B, A) - (laljl, B,AU {(j,],D})
| || booked || a || flight || from || Moscow RightArc,
([olilj], B, A) — (lolil, B,A U {(i, 1, )H})




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

Bydep

a || flight || from || Moscow
3aBMUCMMOCTU
(booked, subj,I)

Shift
(0,1ilB], 4) — (loli], B, A)
subj LeftArc,

N\ ([olilj].B,A) - (lolj], B,AU{(j,L,D})
| || booked || a || flight || from || Moscow RightArc,

([olilj],B,A) - (loli], B,AU {(i, L)}




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
booked a || flight || from || Moscow
<root> 3aBucmmocTu
(booked, subj, )
Shift
(o,[ilBl,4) - (loli], B, 4)
subj LeftArc,
N\ ([olilj], B,4) - (lolj], B,AV {(,L D})
| || booked || a || flight || from || Moscow RightArc,
([olilj].B,A) - (lolil, B,AV {(i,,)H})




Crek

a

booked

OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Bydep
flight || from || Moscow
3aBMUCMMOCTU

<root>

(booked, subj, )

subj

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

| || booked

a || flight

from

Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
a flight || from || Moscow
booked 3aBncumocTu
<root> (booked, subj, I)
Shift
(o,1ilBl, A) - ([alil, B, A)
subj LeftArc,
N\ ([olilj].B,A) - (lolj], B,AU{(j,L,D})
| || booked || a || flight || from || Moscow RightArc,
([olilj], B, A) - (lalil, B,A VU {(i,},))})




Crek

flight

a

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

from || Moscow

3aBUCMMOCTU

booked

(booked, subj, )

<root>

subj

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

| || booked || a

flight

from

Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
CTtek bydep
flight from || Moscow
a 3aBncnMocTu
booked (booked, subj, I)
<root>
Shift
(0, lilB], 4) - (lolil, B, 4)
subj LeftArc,
N\ ([alilj1, B,A) — ([alj], B,AU {(,1,))})
LeftArcy,, | || booked || a || flight || from || Moscow RightArc,
([olilj], B,A) — ([alil, B,AU {(i,L, )}




Crek

flight

booked

OcHoBbl 06paboTKM TEKCTOB

Arc-standard
bydep
from || Moscow
3aBMCUMOCTH

<root>

(booked, subj, )

(flight, det, a)

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

subj det
Y N\ N\
| || booked || a || flight || from || Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
flight from || Moscow
booked 3aBUCHMOCTH
<root> (booked, subj, ) (flight, det, a)
Shift
(o,1ilBl,4) = (lolil, B, A)
. LeftArc
subj det o . L q
AN N (olilj). B, A) = ([olj], B, A U {(,L, D)
| || booked || a || flight || from || Moscow RightArc,
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




Crek

from

flight

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

Moscow

3aBUCMMOCTU

booked

(booked, subj, )

<root>

(flight,det, a)

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

subj det
Y N\ N\
| || booked || a || flight || from || Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
from Moscow
flight 3aBncUMoCTH
booked (booked, subj,I) (flight,det, a)
<root>
Shift
(0, [ilB], 4) = (loli], B, 4)
. LeftArc
subj det o . L q
AN N ([olilj], B, A) > (011, B,A U {G,L )}
| || booked || a || flight || from || Moscow RightArc,
([olilj], B,A) — ([alil, B,AU {(i,L, )}




Crek

Moscow

from

flight

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

(booked, subj, )

booked

<root>

(flight,det, a)

subj det

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

| || booked || a || flight

from || Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
Moscow
from 3aBncUMoCTH
flight (booked, subj, ) (flight, det, a)
booked
<root> Shift
(0, [ilB], 4) = (loli], B, 4)
. LeftArc
subj det o . L q
AN N ([olilj], B, A) > (011, B,A U {G,L )}
| || booked || a || flight || from || Moscow RightArc,
([olilj], B,A) — ([alil, B,AU {(i,L, )}




Crek

from

flight

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

booked

(booked, subj, )

<root>

(flight,det, a)

(from,prep, Moscow)

subj det

prep

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

| || booked || a || flight

from || Moscow

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
from
flight 3aBucumocTu
booked (booked, subj, ) (flight,det, a)
<root> (from,prep, Moscow)
Shift
(o,1ilBl, A) - ([alil, B, A)
subj det prep Lef tArCl
AN AN ([o1ilj1, B, 4) = ([o1j1,B,A U (G, 1, DY)
| || booked || a || flight || from || Moscow RightArc,
([olilj], B, A) - (lalil, B,A VU {(i,},))})




Crek

flight

booked

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

3aBUCMMOCTU

<root>

(booked, subj, )

(flight,det, a)

(from,prep, Moscow)

(flight,pmod, from)

subj det pmod prep
Y N\
| || booked flight || from || Moscow

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-standard
Crek bydep
flight
booked 3aBucmumocTu
<root> (booked, subj,I) (flight,det, a)

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

Shift
(a0, 18], 4) — ([ali], B, A)
. LeftArc
AN AN (Ioilj1,B.4) > (011, B, A U{G, L, DY)
RightArc,p: | || booked || a || flight || from || Moscow RightArc,

([olilj],B,A) - (loli], B,AU {(i, L)}




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

(booked, subj, )

(flight,det, a)

(from,prep, Moscow)

(flight,pmod, from)

(booked, dobj, flight)

dobj

subj det pmod

prep

Shift
(0, [ilB], 4) = (loli], B, 4)

LeftArc,
([olilj]. B,4) = (lalj],B,AV {(,L D}

| || booked || a || flight

from

Moscow

RightArc,
([olilj],B,A) - (loli], B,AU {(i, L)}




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

(booked, subj, )

(flight,det, a)

(from,prep, Moscow)

(flight,pmod, from)

(booked, dobj, flight)

RightArc,,,

dobj

subj det pmod prep

| || booked || a || flight

from || Moscow

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

(booked, subj, )

(flight,det, a)

(from,prep, Moscow)

(flight,pmod, from)

(booked, dobj, flight) || (root,root, booked) Shift
. LeftArc
== N ([01ilj1, B, A) > ([oj],B,A U {(,L, D))
| || booked || a || flight || from || Moscow RightArc

([olilj],B,A) - (loli], B,AU {(i, L)}




Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-standard

bydep

3aBUCMMOCTU

(booked, subj, )

(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

Shift
(0,1ilB], A) = ([olil, 5, A)

LeftArc,
([olilj], B,A) - (loljl.B,AV {(, 1D}

RightArc;
([olilj], B,4) - (lolil, B,AU {(i, L, )D})




OcHoBbl 06paboTKM TEKCTOB

Arc-eager

* lHMumanunsauunsa
e c(x =x1 ...x,) = ([0],]13, ...,n], ©)
 KoHe4yHoe cocTosAHne
*Ci={celClc=(Z[]A4)}

* [lepexogbl
* (Shift) (o,lilB],A) - (lolil, B, A)
* (LeftArc) (lolil, 1B, A) = (o, 1B, A U{(, L D)}),
eciui #+ 0u Ak: (k,x, i) €EA
* (RightArc;)  (lolil, [j18],4) = (loliljl, B, AV {( L)}
* (Reduce) ([oli],B,A) — (0,B,A)
ecau dk: (k,*,i) € A



OcHoBbl 06paboTKM TEKCTOB

pun

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

Ctek Bydep
<root> | || booked || a || flight || from || Moscow
3aBUCUMOCTH
Shift
(o,[ilBl, A) - (lalil, 5, A)
LeftArc,
([alil, [i18],A) = (o, [i|Bl, AU {(U, L, )}
: RightArc
| || booked || a || flight || from || Moscow || . ([olil, 1181, 4) = (olilj], 8,4 U {G, L, )}
Reduce

([oli],B,A) — (o,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
CTtek bydep
<root> | || booked || a || flight || from || Moscow || .
3aBUCUMOCTM
Shift
(a0, 18], 4) — ([ali], B, A)
LeftArc,
(lalil, [j1B1,4) = (o, [jIBl, AV {(,L,D})
: RightArc
| || booked || a || flight || from || Moscow || . ([olil, 1181, 4) = (olilj], 8,4 U {G, L, )}
Reduce

([oli],B,A) — (o,B,A)




Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-eager
bydep
booked || a || flight || from || Moscow
3aBUCMMOCTHU
Shift
(0,1ilB], A) = (lolil, 5, A)
LeftArc,
([olil, [j1B81,4) = (o, [jIBL AU {U, LD}
: RightArc
| || booked flight || from || Moscow ([olil, 1181, 4) = (olilj], 8,4 U {G, L, )}
Reduce

([oli],B,A) — (o,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager

Crek Bydep

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

<root> 3aBVCMMOCTH

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 181, 4) = (o, [jIB], AV {(, L, D}

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

Reduce
([oli],B,A) - (0,B,A)




Crek

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-eager
bydep
booked || a || flight || from || Moscow
3aBUCMMOCTHU
(booked, subj,I)
Shift
(o,[ilpl,A) = ([olil, B, A)
LeftArc,
subj ([alil, [jIB], 4) = (o, [jIBl, AV {(,LD)})
£ ) RightArc
| || booked || a || flight || from || Moscow ([olil, /181, 4) = ([olilil, 8,4 U {(G,L, DY)
Reduce

([oli],B,A) — (o,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Crek bydep
<root> booked || a || flight || from || Moscow
3aBMCUMOCTU
(booked, subj, )
Shift
(o,1ilBl,4) = (lolil, B, A)
LeftArc,
subj (lolil, 181, 4) = (o, [jIB], AV {(, L, D}
£ ) RightArc
RightArc,,, | || booked || a || flight || from || Moscow || . ([o11, [j181, 4) — ([alilj1, B, A U {(i, L DD
Reduce

([oli],B,A) — (o,B,A)




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Bydep
a || flight || from || Moscow
3aBUCUMOCTH

(booked, subj, )

(root,root, booked)

}{J

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

| || booked || a

flight || from || Moscow

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) - (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
CTtek bydep
booked a || flight || from || Moscow
<root> 3aBMCMMOCTY

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

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,

/b,\l (Lol 181 4) = (0, 1814 U (G, L DY

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

Reduce
([oli],B,A) - (0,B,A)




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Bydep
flight || from || Moscow
3aBUCUMOCTH

(booked, subj, )

(root,root, booked)

}{J

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

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

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Crek bydep
a flight || from || Moscow
booked 3aBMCUMOCTU
<root> (booked, subj,I) || (root,root, booked)
Shift
(o,[ilBl,4) - (loli], B, 4)
LeftArc,
/b’\J (1L, 1181, 4) > (&, [/1BLA U {G, L))
: RightArc
LeftArc e | || booked || a || flight || from || Moscow || . ([o1il, [jIBL, &) ~ ([oliljl, 8, A U {(i, L NP
Reduce

([oli],B,A) — (o,B,A)




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Bydep
flight || from || Moscow
3aBUCUMOCTH

(booked, subj, )

(root,root, booked)

(flight,det, a)

}kd det
¢ N\

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

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

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Crek bydep
booked flight || from || Moscow
<root> 3aBMCUMOCTU

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

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,

/b,\l e (Lo, 1181, 4) ~ (o, [j1B1. A U (G, L DY)
N

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

RightAT'Cdob i

Reduce
([oli],B,A) - (0,B,A)




Crek

flight

booked

<root>

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-eager

from

Moscow

3aBUCMMOCTU

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

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

subj

dobj

det

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

| || booked

a || flight || from || Moscow

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Crex Bycpep
flight from || Moscow
booked 3aBvicmocTy
<root> (booked, subj,I) || (root,root, booked)

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

Shift
(0, [ilB], A) = (loli], B, 4)

dobj LeftArc,

subj det (lolil, 161, 4) = (o, [jIBL, AV {(, LD}

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

Reduce
([oli],B,A) - (0,B,A)




Crek

from

flight

booked

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-eager

Moscow

3aBUCMMOCTU

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

<root>

(flight,det, a)

(booked, dobj, flight)

(flight, pmod, from)

dobj

subj

det pmod

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

| || booked || a

flight || from || Moscow

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
CTek bydep
from Moscow
flight 3aBucmumocTu
booked (booked, subj,I) || (root,root, booked)
<root> (flight, det, a) (booked, dobj, flight)
light, d, Shift
(flight, pmod, from) (0, [i181,4) (011, 5, 4)
dobj LeftArcl
- N\ pmod (L1, [11B1,4) = (@, jlB1. A U (G, L, DY)
: RightArc,
| || booked || a || flight || from || Moscow || . ([oil, [j18], 4) - (aliljl, B, AV {G L)}
Reduce

([oli],B,A) — (o,B,A)




Crek

Moscow

from

flight

OcHoBbl 06paboTKM TEKCTOB

bydep

Arc-eager

3aBUCMMOCTU

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

booked

<root>

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

(flight,pmod, from)

(from,prep, Moscow)

dobj

subj det pmod prep

| || booked || a || flight

from || Moscow

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




OcHoBbl 06paboTKM TEKCTOB

Arc-eager
Crek Bydep
Moscow
from 3aBNCUMOCTM
flight (booked, subj,I) || (root,root, booked)
booked (flight,det, a) (booked, dobj, flight)
<root> (flight,pmod, from) | (from,prep, Moscow) il Aiiifg[ali]ﬁA)
dobj LeftArcl
- NN pmod oren (o111, 1AL, 4) = (o, [IBL A U (G, L DY)
: RightArc
Reduce | || booked || a ]| flight || from || Moscow ||. | | ([g]i], [j18],4) = ([alilj], B,4 U {(i, L))}
Reduce

([oli],B,A) — (o,B,A)




Crek

from

flight

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-eager

3aBUCMMOCTU

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

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)
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Arc-eager
CTtek bydep
from
flight 3aBucumocTu
booked (booked, subj,I) || (root,root, booked)
<root> (flight,det,a) | | (booked,dobj, flight)
light,pmod, from) || (from,prep, Moscow) , Shift ,
Ul from) (o,[ilBl,4) - (loli], B, 4)
dobj LeftArc,
b BN omod  prep (olil. [j1B1. 4 = (0, [j1BL,A U {G,L, D))
) RightArc
Reduce ||| booked ]| a | flight ]| from || Moscow || . | | ([ali], [j18],4) = (lolili], B, A U {G, L)}
Reduce

([oli],B,A) — (o,B,A)




Crek

flight

booked

OcHoBbl 06paboTKM TEKCTOB

bydep

Arc-eager

3aBUCMMOCTU

<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

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)
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Arc-eager
CTek bydep
flight
booked 3aBMCUMOCTU
<root> (booked, subj,I) || (root,root, booked)

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

. Shift
(flight,pmod, from) | (from,prep, Moscow) (0, 11181, 4) ~ ([o]i], B, A)

dobj LeftArc,

subj det pmod prep ([O-ll]' []lﬁ]lA) i (O-r []lﬁ];A U {(]' l' l)})

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

Reduce

Reduce
([oli],B,A) - (0,B,A)




Crek

booked

<root>

OcHoBbl 06paboTKM TEKCTOB

bydep

Arc-eager

3aBUCMMOCTU

(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

Shift
(0, [ilB], A) = (loli], B, 4)

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)
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Arc-eager
CTek bydep
booked
<root> 3aBNCUMOCTH

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

— y Shift
(flight,pmod, from) | (from,prep, Moscow) (0, 11181, 4) ~ ([o]i], B, A)

dobj LeftArc,

subj det pmod prep ([O-ll]' []lﬁ]lA) i (O-r []lﬁ];A U {(]' l' l)})

. RightArc,
| || booked || a || flight || from || Moscow || . ([elil, [i181, 4) = ([oliljl, B, A U {G, L)}

RightArcy,

Reduce
([oli],B,A) - (0,B,A)




Crek

booked

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-eager

3aBUCMMOCTU

<root>

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

(flight,det, a)

(booked, dobj, flight)

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

(booked, pun,.)

Shift
(0, [ilB], A) = (loli], B, 4)

dobj oun
subj det\ pmod m
| || booked || a || flight || from || Moscow

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)




Crek

booked

bydep

OcHoBbl 06paboTKM TEKCTOB

Arc-eager

3aBUCMMOCTU

<root>

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

(flight,det, a)

(booked, dobj, flight)

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

%)

(booked, pun,.)

Shift
(0, [ilB], A) = (loli], B, 4)

dobj oun
subj det\ pmod m
| || booked || a || flight || from || Moscow

LeftArc,
(lolil, 1B, A) = (o, 1Bl AV {(, LD}

RightArc,
(lolil, 18], A) = (aliljl, B, AV{E LOY

Reduce
([oli],B,A) — (0,B,A)
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[IpOeKTUBHOE CMHTaKCU4YeCcKoe OepeBO

° ,El,epeBo 3aBUCUMOCTEN SABMSIETCHA NPOEKTUBHbLIM, €CJIN

« [1na kaxkxgow ayru B AepeBe CYLLEeCTBYET HanpaBneHHbIN NyTb OT rMaBHOIO
CIioBa [0 KaXkgoro 13 CnoB, pacnofioXeHHbIX MexXxay rmaBHbIM U 3aBUCUMbIM
CIT0BOM 3TOU Oyru

* (i,1,j) = Vk € I[min(i,j),max(i,j)],i »* k

~NC NN

|| |saw | |a | | dog | | yesterday | | which | | was | | a| | Yorkshire | | Terrier
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Non-projective Transition-based Parsing: Attardi’'s system

* lHMumanunsauunsa
e c(x =x1 ...x,) = ([0],]13, ...,n], ©)
 KoHe4yHoe cocTosAHne
* C,={ceClc=([0],[],A4)}
* [lepexogbl (ANs NeBbixX 3aBUCMMOCTEN TpebyeTtca i = 0)

* (Shift) (o,lilB],A) - (lolil, B, A)

* (LeftArc) ([olilj], B,A) = (loljl,B,AU{(,1,i)})

* (RightArc;) ([alilj], B,A) — (Joli],B,AU {(i,[,))})

* (LeftArc2;)  ([olilk|j], B,A) = (lalkljl,B,AU{(,1,i)})

- (RightArc2;) ([olilk|j],B,A) = (lolilk],B,AU{(i,,j)})

* (LeftArc3;)  ([olilki|kz|j], B,A) = (lolkqilk,|jl, B,AU{(, 1D}
- (RightArc3;)  ([olilki|kz|j], B,A) = ([olilky|k;], B,AU{(i,L)})
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Non-projective Transition-based Parsing: Online reordering

* lHMumanunsauunsa
e c(x =x1 ...x,) = ([0],]13, ...,n], ©)
 KoHeYHoe cocTosiHue
* Cc={c€Clc=([0],[] A}
* [lepexogbl
* (Shift) (o,lilBl,A) — (lolil, B, A)
* (LeftArc;) ([olilj],B,A) = (lalj]l,B,AU{(,l,i)}),ecnni # 0
* (RightArc;)  ([olilj], B,A) = (lolil, B,AU {(i,,j)})
* Swap) ([olilj],B,4) = (laljl, [i|B], A),ecni #0ni <j
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Transition-based Parsing. [lpeackasaHne nepexonos

« 3aga4ya MHOroknaccoBoW Krnaccmdukaumm
« OBbeKThI Knaccudukaunm: KoHurypauum napcepa
« Knaccebl: npaBuna nepexoga

 MeToabl:
* Multiclass SVM
* Naive Bayes
» Decision trees
* HenpoHHbIE ceTn
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[1pn3HaKku Knaccmukaymm

* [lpn3HaKkn anga anemMeHTa
« Cnosodopma
* Jlemma
« YacTtb peun
» 3Ha4YeHUda rpamMmMaTUYECKNUX KaTeropum
e Tnn oTHOLLEHMNA

e ONEMEHTHI:
* |- ANIEMEHT CTeKa
* - anemMeHT bydoepa
 JleBoe OTHOLLEHME arnemMeHTa cTeka
 [IpaBoOe OTHOLLUEHNE ANEMEHTAa CTeka
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Long Short-Term Memory

ie = o(Wixxy + Winhe—1 + Wicc—q + by)
fe = U(foxt + thht—l + WfCCt—l T bf)

* ¢ = f1Oc,—q + i;Otanh(W,, xy + Wephe—1 + b;)

* 0p = o(Worxy + Wophe—q + Wyecr + by)

* h; = o,®tanh(c;)

* Ve = g(hy)

V1

Y2

|

Y3
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Stack Long Short-Term Memory

V1 Y2
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Stack Long Short-Term Memory

ILAC
Y1 Y2
A \ Ar
X1 X2
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Stack Long Short-Term Memory
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Stack Long Short-Term Memory

LS
Y1 Y2
1
X1 X2

142 /163
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Stack Long Short-Term Memory

Y1

Y2
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Stack LSTM Parser

|
TOP TOP
Stack / 1 \ Buffer
A A A A 4&
an || decision was | | made || ROOT
amodu/'
overhasty
— JeftArc
TOP ” f amod
<
3
0 <+« Shift
<C

1 144 /163
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Stack LSTM Parser

* [1lepexoabl Arc-standard
o Shift
(o, [(vi, DI, A) = ([ol(v;, D], B, A)

* LeftArc, .
([o1vi, DI(v )1, B, 4) = ([o](gr (v vy), D], B, AU §j > 1})

* RightArc, )
([o1(wy, DI(v;, )1 B, A) > ([o|(g, (v, v:), D], B, AU {i = j})



OcHoBbl 06paboTKM TEKCTOB

OueHkKa KayecTBa

 Labeled attachment score (LAS):
« OTHOLLUEHME KONMMYEeCTBa NpaBUibHO NOCTPOEHHbIX OYr K 0DLEeMYy KOnM4ecTBy
Ayr
* Labeled exact match (LEM):

« OTHOLLEHME KONM4yecTBa NpPpaBUJIbHO NMOCTPOEHHbIX AEePEBLEB K o6u_|,emy
KOJTIN4eCTBY [iepeBLEB

* Unlabeled attachment score/exact match (UAS/UEM):
* Te )xe MeTPUKN, HO ayrn paccmaTpuBaroTcsa 6e3 TUNoBs



OcHoBbl 06paboTKM TEKCTOB

OueHkKa KayecTBa

* Micro-averaged

e CunTaem OTHOLLEHME KONMMYEeCTBa NpaBusibHbIX Oyr BO BCEM KOpnyce K
obLLeMY KONMMYECTBY Ayr B 9TOM Kopnyce

* Macro-averaged
e Cyntaem METPUKY ONA KaxKAoro rnpeajoxXeHnd mn notToMm ycpeagHdaem



OcHoBbl 06paboTKM TEKCTOB

[ padboBble MeTOAb

* [lpeanoXxeHne npeacTaBnseTcs B BUae B3BELLEHHOro NosiHOro rpadpa
(OPUEHTNPOBAHHOIO)

* BepwnHel rpadgpa — cnoea + <root>
« [lyru rpadpa — OTHOLLEHUA MEXOY crioBamu

* Llenb
« Hantn nogrpad, asnarowinmcs gepesom 3aBUCUMOCTEN

/ a s flight \

booked

\ 4

y
v
ﬁ
3
)
3

<root>
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[ padboBble MeTOAb

 [Ina kaxgon ayru (i, j) Bblumcnsietca ee Bec s(i, )
* Bec nogrpacpa B rpadpe s(x,y) = X ey S J), TAE

e X — BepLWMHbI noarpada,
* y — Oyrun nogrpada

/

booked «

> flight

<root>

» from
A

Moscow
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MakcunmanbHoe octoBHOe aepeBo (MST)

« 3aaya CMHTaKCNYecKoro aHannsa popmMyrnmpyeTca Kak 3agada
HaxoX4eHUsa MakcumMaribHOro octosHoro gepesa (MST) B cBa3aHHOM
B3BELLEHHOM rpade

« OcTOBHOE OepeBo rpada — noarpad, KOTOPLIN:
« Bknovaet Bce BeplUUHbI rpadoa

* AUMKIINYECKUA
* CBSI3HbIU

booked
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Anroputm 3amMoHAca

 Ha Bxoge:
* OpueHTnpoBaHHbin rpad D = (V,E)
* BepwnHa r € V — KOpeHb
» BewlecTBeHHble 3Ha4YeHUAa BecoB w(e),Ve € E

 Ha BbIxoae:

* OCTOBHOE OPUEHTUPOBaHHOE AepeBO A MUHMManNbLHoOro seca w(A4) =
YiecaW(e) C KOpHEM T
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Anroputm 3amMoHAca

 Nyctb f((V, E), r,w) BO3BpaLLaeT OPUEHTUPOBAHHOE OEPEBO
MUWHMMASIbHOIo Beca C KOPHEM B 1

1. Ynanutb BCe (u,r) € E
2. mw(v) =arg mel‘rfl w((u,v)) YvevVv
u
3. P={((v),v)|lveV\{r}. Ecnue P HeT UUKNOB, TO P — NCKOMOE AEePEBO

4. C — nponsBonbHbIN UMK B P. NocTponm HoBbIW rpady D' = (V' E').V' =
{vlveV,ve C}u{v:}. E' nocTpoum Tak:
* (u,v) EE,u¢ C,v eC = pobaensem B E' pebpo e = (u,v.),
w'(e) =w(u,v) —w(m(v),v)
* (u,v) EE,u€eC,v ¢ C = pnobaensem B E’' pebpo e = (v., v),
w'(e) = w(u,v)
* (uv) EE,u¢ C,v¢C > pobasnsem B E’' pebpo e = (u,v),
w'(e) = w(u,v)

5 A'=f{V',E"),r,w)
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Anroputm 3amMoHAca

* A’ — OpUEHTUPOBAHHOE OEepPEBO, NOITOMY Kaxkgasa v € V', v # r nmeer
OOHO BXxoasLee pebpo (u, v)

* (u,vc) € A’ coorBetcTByeT pebpy (u,v) e E,v € C
* Yoanum pebpo (m(v),v) na C

* [TocTponm P’ - uCKoMoe aepeBo:
« [lo6baBum B P’ pebpa us C
» [lobaBum B P’ BCce pebpa, cooTBeTCTBYOLLIME pedbpam n3 A’
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Anroputm 3amMoHAca

A

flight

<root>
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Anroputm 3amMoHAca

A

flight

<root>

from

Moscow
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Anroputm 3amMoHAca

% < — flight
booked
3
4 3
<root>

from

Moscow
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Anroputm 3amMoHAca

| booked a flight

< root > — booked

<root>

<root > — flight
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Anroputm 3amMoHAca

| booked a flight

<root>

< root > — booked



| booked a flight

< root > — booked

<root>

OcHoBbl 06paboTKM TEKCTOB

Anroputm 3amMoHAca

Yoanum pebpo (n(v),v)ns C

>l 3 H
Ay < flight
booked
3
4 3
<root>

from

Moscow
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Anroputm 3amMoHAca

AN\~ —.

A

flight

booked

| || booked

flight

from

Moscow

<root>

from

Moscow
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Biaffine graph-based dependency parser

hgarc—dep) hgarc_head) hgrel—dep) hgrel—head)
MLP MLP MLP MLP
LSTM — LSTM | LSTM [— = ] LST™M

{‘ ﬂ‘ 4 4

<root> I booked . Moscow

Xi
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Biaffine graph-based dependency parser

MeTtka onsa

Pebpo j — i pebpaj — i
(arc—dep) (arc—head) (rel—dep) (rel—head)

b hi B B

d
Siarc — Hhead , W « hi ep + Hhead 4}

hlgarc—dep) hgarc_head) hgrel—dep) hgrel—head)
MLP MLP MLP MLP
LSTM — LSTM —| LSTM (— = +— LSTM
ﬁu ﬂu {L {L
<root> I booked . Moscow

Xi
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Cneaytowlaga nekyms

Jlekcndyeckaa cemaHTuka
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