OCHOBbI OBPABOTKN TEKCTOB

Jekuna #6:
CuHTakcmyeckmimm aHanums

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



CuHTaKecuc

- [MpegnoxeHne — 3TO egMHMLIA s3blKa, KOTopas
npegcrtaBnseT cobor rpaMmmaTM4eCKM OpraHn3oBaHHOE
coeanHeHune cnos, obnagarLlee CMbICIIOBOM
3aKOHYEHHOCTbIO.

- [pammaTtuka — pasgen NMMHIBUCTUKU, KOTOPbIN U3ydaeT
3aKOHOMEPHOCTU MOCTPOEHUA NpaBUIbHbIX
OCMDbICJIEHHbIX peYEBbLIX OTPE3KOB (CroBOMOPM,
CITOBOCOYETaHUN, NPEeaNOXXEHNN, TEKCTOB).

- CMHTaKCcUc — pasaen NUHIBUCTUKN, N3y4atoLwmin 1
MOZENUPYIOLLINIM NMpaBuma, No KOTopbiM 00pa3yoTcs
eanHuLbI, bonee KpynHble, YEM CITOBO, @ MMEHHO
CNOBOCOMETAHUSA U NPEOSIOXKEHUS.



CUHTaKcu4eckue npasuna

- CylecTBUTENBHOE COYEeTaeTCAa C npunaratenbHbIM

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

_____________________________

________________________________________
_______________________________________________________________________

______________________________________________________________________



CUHTaKcu4yeckasa CTPYKTypa

- [pencraBneHne NpeanoXXeHusa B BUAE BIIOXEHHbIX
COCTaBMAKLMX.

- CocTtasnawwasa (ppasa, CUHTaKCcu4yeckas rpynna) —
CTPYKTYpHasi eanHuua rnpearioXXeHnsa, CoctaBieHHas 13
bonee TECHO CBA3aHHbLIX APYr C APYroM COCTaBMsAOLWMX
MeHbLLEero pasmepa.

Omutpun cneLwmnn Ha paboTy




CUHTaKcmn4eckue npasuna

: CyLLI,eCTBI/ITeJ'IbHOe yNpaBnsieT npunaratenbHbIM

____________________________________________________________________

—————————————————————————————————————

_____________________
_____________________
———————————————————————————————————————

_______________________________________



CUHTaKcu4eckue npasuna

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

[pynna npunaratesibHoro

HapeyHas rpynna

[MpennoxHas rpynna

[ maronbHas rpynna

[MpennoxeHune

meHHagqa rpynna




CUHTaKcu4eckue npasuna

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

[pynna npunaratesibHoro

HapeyHas rpynna

[MpennoxHas rpynna

[ maronbHas rpynna

[MpennoxeHune

meHHagqa rpynna

/ meHHas rpynna

yKbITyHbIHbIH, KI/ITa6bI — YKbITY4bIHbIH knTabbi |




CUHTaKcu4eckas CTPYKTypa

- Kakgon cocTaBngaroLwen Ha3sHavYaeTcs Tun B 3aBUCUMOCTU
OT rMaBHOIo clioBa

5
TN,
T AN

NOUN VERB PREP NOUN

OMmutpnn cnewmnn Ha paboTy




dopmanbHasa rpammaTuka

- Crnocob onncaHua bopmaribHOro A3bika.

. CDOpMaJ'IbHaFl rcamMmmatmka COCTOUT U3.
+ X — MHOXEeCTBO TEpMUHalIbHbIX CUMBOJ10B
« N — MHOXeCTBO HETEPMUHASbHbIX CUMBOJ10B
- P — Habop npaBun BbiBOga a — f3, rae
- a — NocnenoBaTenbHOCTb CMMBOMNOB U3 X U N, XOTa 6bl 0ognH n3 N
- f — nocnefoBaTtenbHOCTbL CMMBOMNOB U3 X U N

- § — Ha4yarnbHbIN cumBos (13 N)



dopmanbHasa rpammaTuka

- P — Habop npaBun BbiBoAa a — f3, rae
- @ — rnocnegoBaTesibHOCTb CUMBOMNOB U3 X U N, XoTs Obl oAnH U3 N
- [ — nocnegoBaTeNibHOCTb CUMBONOB U3 X U N

- Mepapxmna Xomckoro

- TMn 0. HeorpaHM4eHHbIE rPaMMaTUKK
nobble npaBuna

- TMN 1. KOHTEKCTHO-3aBUCUMbIE rpaMMaTUKN
npasuna Bupa c;Ac, — c1f¢y

 TUM 2. KOHTEKCTHO-CBOBOAHLIE rPaMMaTHKN
npasmnaBupa A — f

- TUN 3. perynspHbie rpammaTukm
npasunasnpga A — a, A — aBunmAi — ¢



dopmanbHasa rpammaTuka

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

S
S|

S—> NPVP

VP - Verb NP
VP — Verb NP PP
NP — Pro

NP — Det NP
NP - Noun PP
NP - Noun

PP — Prep Noun
Verb — booked
10. Noun - flight
11. Noun — Moscow
12. Pro — 1

13. Det = a

14. Prep — from

VNS IAN N R




dopmanbHasa rpammaTuka

Y = {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
10. Noun - flight
11. Noun — Moscow
12. Pro — 1

13. Det = a

14. Prep — from

1
S->NPVP

N

NP VP

VNS IAN N R




dopmanbHasa rpammaTuka

Y = {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
10. Noun - flight
11. Noun — Moscow
12. Pro — 1

13. Det = a

Pro 14. Prep — from

4
NP VP - ProVP

N

NP VP

VNS IAN N R




dopmanbHasa rpammaTuka

Y = {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
10. Noun - flight
11. Noun — Moscow
12. Pro— 1

13. Det = a

Pro 14. Prep — from

12
ProVP—->I1VP

N

NP VP

VNS IAN N R




dopmanbHasa rpammaTuka

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

2
[VP—>I1Verb NP

AN

NP VP
N

NP

Pro Verb

VNS IAN 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
Prep — from




dopmanbHasa rpammaTuka

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

9
I Verb NP -1 booked NP

B
NP VP\\\

NP

Pro Verb
I I

|| | booked

VNS IAN 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
Prep — from




dopmanbHasa rpammaTuka

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

5
I booked NP — I booked Det NP

o E
NP VP\\\

NP\

Pro Verb Det
I I

|| | booked

VNS IAN 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
Prep — from




dopmanbHasa rpammaTuka

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

13
I booked Det NP — [ booked a NP

B
NP VP \

NP\

Pro Verb Det
I I I

|| |booked | |a

VNS IAN 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

Prep — from




dopmanbHasa rpammaTuka

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

6
I booked a NP - I booked a Noun PP

AN

NP

VP\

NP

Pro Verb

Det

Noun

|| | booked

N

VNS IAN 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
Prep — from




dopmanbHasa rpammaTuka

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

8
I booked a Noun PP = I booked a Noun Prep Noun

AN

NP VP
N
NP
N
NP
/
Pro Verb Det | | Noun Prep

|| | booked

Noun

VNS IAN 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
Prep — from




dopmanbHasa rpammaTuka

Y = {booked, flight, Moscow, I, a, from}

1. S-> NPVP
N ={S,VP,NP,PP,Verb, Noun, Pro, Det, Prep} 2 VP = Verb NP
10 14 11 3. VP - Verb NP PP
I booked a Noun Prep Noun — — — 4 NP = Pro
/.\Ibooked a flight from Moscow| 5 NP — Det NP
6. NP — Noun PP
NP i AN 7. NP = Noun
NP 8 PP — Prep Noun
\\ 9. Verb — booked
NP 10. Noun = flight
\ 11. Noun —» Moscow
PP 12. Pro -1
/ \ 13. Det - a
Pro| |Verb Det | | Noun Prep Noun | | /4. Prep — from
| | | | | |
|| |booked| |a| |flight| [from| | Moscow




Pa3bop npennoxeHus

- Ha Bxoge: nocnegosatenbHOCTL CMMBOSIOB 13 X (CnoBa)

- Ha BbIxoge:
- CnHTakcu4veckoe aepeso
- NocnegoBaTtenbHOCTb NpaBUI A9 reHepaunm BXOAHOW CTPOKU

- MeToabl NOCTpoOeHUA aepesa:
- CBepxy-BHU3
N3 HavanbHOro cumeona S, BbIBECTU BXOAHYO CTPOKY
- CHun3y-BBEpPX
13 BXOOHOW CTPOKKU BLIBECTW HavarsbHbIN CUMBOM S



HeoaoHO3Ha4YHOCTb A3blKa

N

NP VP \ /.\
NP \
NP VP
=N [ T~
/ PP \ / NP \ / PP \
Pro Verb Det || Noun Prep Noun Pro Verb Det || Noun Prep Noun
| | I I I I | I I I I I
| || booked || a || flight | | from || Moscow | || booked || a || flight || from || Moscow
1. S—> NPVP 9. Verb — booked
2. VP —>Verb NP 10. Noun — flight
3. VP - Verb NP PP 11. Noun - Moscow
4. NP - Pro 12. Pro —1
5. NP - Det NP 13. Det — a
6. NP - Noun PP 14. Prep - from
/. NP - Noun
8 PP - Prep Noun




L
Anroputm CYK

- [ns paboTtel Heobxoanma KC rpammaTmka B HopManbHOW
dopme Xomckoro (CNF)
- Bce npaBuna gormkHbl MeTb BUA4: A — BCuiu A — [

- JTrobas KC rpammatnka MoXeT ObITb npeobpasoBaHa B CNF
(Kpome npaBuna S — ¢)

- AnropuT™M No3BONSeT onpeaennTb BbIBOAUMO N
npeanoxeHune B 3agaHHon KC rpammaruke

- [1pn HebonbLwon Moandukaumm anroputm CTPOUT BCE
BO3MOXHble pa3bopbl NpeanoXeHus



L
Anroputv CYK

- lpes anroputma 3akniyaeTcsa B paCCMOTPEHNN BCEX
NOACTPOK UCXOOHOWU CTPOKMU

- 1N KaXkaon NoAcTPOKM onpeaennTb, MOXHO NN BbIBECTU €€ B
3aaHHON rpamMmaTmKe, 3Has Kakue NoACcTPOKM MEHbLLEro pasmepa
MOXXHO BbIBECTM B 3TOM rpamMmaTuke

A->BC /A\
B C




L
Anroputm CYK

- daHa rpammaTtunka B CNF, N HeTepMUHanNbHbIX CAMBOJIOB
- [laHa cTpoKka w OnnHbl n

- 3agagum TpexmepHbli Maccus d € BNVXmxn
d|A][i]|j] = 1, ecnu U3 A MOXXHO BbIBECTWU CTPOKY W|i.. ]

- Peluaem 3agavy AMHaMM4ecknm nNporpaMmMmnpoBaHnUEM
- bynem paccmartpuBatb BCe NOACTPOKU ANUHLI m Anssm = 1..n

- [na kaxxgon noacTpoku [i..J] AnnHbl m paccMoTpuUM Bce pa3dneHuns
[i..K][k+1..]]

- [1na kaxkgoro npasuna A - B C, ecnun
d[B,i,k] =1nd[C,k+1,j]=1,T0d[A4,i,j]=1



L
Anropmntm CYK

S—- NPVP

VP - Verb NP
VP — Verb VP*
VP* - NP PP
NP — Det NP
NP — Noun PP
PP — Prep Noun
NP - |

NP - flight
10. NP - Moscow
2 11. Verb — booked
12. Noun - flight

NP | Verb pet | NVoun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det — a

15. Prep = from

VNS IAN N R

| booked a flight from Moscow




Anropmntm CYK

6
5
4
3
2
N\
NP Verb Det Noun Prep Noun
1 NP NP
| booked a flight from Moscow

VNS IAN N R

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

NP - flight

NP — Moscow

. Verb — booked

Noun — flight
Noun — Moscow
Det — a

Prep — from




Anroputv CYK

Noun Noun
Verb Det Pre
NP NP P NP
| booked a flight from Moscow

VNS IAN N R

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

NP - flight

NP — Moscow

. Verb — booked

Noun — flight
Noun — Moscow
Det — a

Prep — from




L
Anropmntm CYK

S—- NPVP

VP - Verb NP
VP — Verb VP*
VP* - NP PP
NP — Det NP
NP — Noun PP
PP — Prep Noun
NP - |

NP - flight
10. NP - Moscow
2 NP 11. Verb — booked
1| 12. Noun — flight

NP | Verb Det YL prep Noun 13. Noun —» Moscow

1 NP NP 14. Det — a

15. Prep = from

VNS IAN N R

| booked a flight from Moscow




Anroputv CYK

Noun Noun
Verb Det Pre
NP NP P NP
| booked a flight from Moscow

VNS IAN N R

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

NP - flight

NP — Moscow

. Verb — booked

Noun — flight
Noun — Moscow
Det — a

Prep — from




L
Anropmntm CYK

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP — [

NP - flight
10. NP - Moscow
NP PP 11. Verb — booked

2
1\\‘1 12. Noun — flight

NP | Verb pet | NVoun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det — a

15. Prep = from

VNS IAN N R

| booked a flight from Moscow




Anropmntm CYK

\ NP PP
1!
Noun Noun
Verb Det Pre
NP NP P NP
. - . flight from Moscow

VNS IAN N R

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

NP - flight

NP — Moscow

. Verb — booked

Noun — flight
Noun — Moscow
Det — a

Prep — from




Anropmntm CYK

\ NP PP
N\
Noun Noun
Verb Det Pre
NP NP P NP
. - . flight from Moscow

VNS IAN N R

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

NP - flight

NP — Moscow

. Verb — booked

Noun — flight
Noun — Moscow
Det — a

Prep — from




L
Anropmntm CYK

S—> NPVP

VP —» Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP —» Noun PP
PP — Prep Noun
NP — [

- NP - flight
~ 10. NP - Moscow
NP PP 11. Verb — booked
\ 12. Noun — flight

NP | Verb pet | NVoun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det — a

15. Prep = from

VP NP

VNS IAN N R

| booked a flight from Moscow




L
Anropmntm CYK

S—> NPVP

VP - Verb NP
VP - Verb VP*
VP* - NP PP
NP — Det NP
NP - Noun PP
PP — Prep Noun
NP = 1

\ e~
VP N
3 NP = flight

NiP N 10. NP - Moscow

<
k!
O NS NA RN N

PP 11. Verb - booked

! ! 12. Noun — flight

NP | Verb pet | Noun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det - a
15. Prep = from

| booked a flight from Moscow




L
Anropmntm CYK

S—- NPVP

VP - Verb NP
VP — Verb VP*
VP* - NP PP
NP — Det NP
NP — Noun PP
PP — Prep Noun
NP - |

NP - flight
10. NP - Moscow
2 NP PP 11. Verb — booked
12. Noun - flight

NP | Verb pet | NVoun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det — a

15. Prep = from

VP VP

g \KP*

NP

VNS IAN N R

.VP

\

| booked a flight from Moscow




L
Anropmntm CYK

6 |S S

—

S—- NPVP
VP - Verb NP
VP — Verb VP*
VP* - NP PP
NP — Det NP
NP — Noun PP
PP — Prep Noun
NP - |
NP - flight
10. NP - Moscow
2 M NP PP 11. Verb — booked
12. Noun - flight

NP | Verb pet | NVoun Prep Noun 13. Noun —» Moscow

1 NP NP 14. Det - a
15. Prep = from

vV P*

VP NP

VNS IAN N R

| booked a flight from Moscow




Bbibop ny4ywiero gepesa

- 3agaanm Kaxkgomy npaBuny BEpPOSATHOCTb
ero NpUMeHeHus

- bynem oueHnBaTbL BEPOATHOCTL pa3bopa,

KaKk Nnpon3BegeHne BepOATHOCTEN NpaBu, Y4acTBYOLMX B
HeM

7. S->NPVP 1.0
2. VP ->Verb NP 0.90
3. VP - Verb NP PP |0.10
4. NP — Pro 0.2
5. NP - Det NP 0.3
6. NP — Noun PP 0.1
/. NP — Noun 0.4
8.

PP —» Prep Noun | 1.0

9. Verb —» booked 1.0
10. Noun - flight 0.3
11. Noun -» Moscow | 0.7




[locTpoeHne rpaMmmaTmku

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




[locTpoeHne rpaMmmaTmku

(S 7. S—>NPVP
(NP
(I Pro))
(VP
(booked Verb)
(NP
(a Det)
(NP
(flight Noun)
(PP
(from Prep)
(Moscow Noun))))))




[locTpoeHne rpaMmmaTmku

(S 1. S>> NPVP
(NP 2. NP - Pro
(I Pro))
(VP
(booked Verb)
(NP
(a Det)
(NP
(flight Noun)
(PP
(from Prep)
(Moscow Noun))))))




[ pamMMmaTMKa 3aBUCUMOCTEN

- GopmarnbHaga Mogenb OnNUcaHnsa CTPYKTYpbI
CIOBOCOYETaHUM (NpeasioxXeHnn)

- OnucelBaeTca B BuAe nepapxmm Crios, Mexxay KOTopbiMA
yCTaHOBJ1EHO 6|/IHapHOG OoTHOWEeHne 3aBNCNMOCTH

- PasnunyatoT T1nbl 3aBUCUMOCTEN (COOTBETCTBYHOT TUNAM
CUHTaKCUYECKMX NpaBu)

onpeq




[ pamMmMmaTrKa 3aBUCUMOCTEN

- [lepeBo coCTaBnsloLWmnX MOXET ObiTb Npeobpa3oBaHo B
OepeBO 3aBUCUMOCTEN

L

Omntpun cnewwun Ha paboty




[ pamMMmaTMKa 3aBUCUMOCTEN

- He Bce cnMHTakcnyeckme OTHOLEHUS NOAYNHUTENbHbIE
- CounHuTenbHaga rpynna

N N\ N N "

Omntpuin n Oner Omntpun 7 Oner OmnTpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns

/ Y_\

Al |noemo | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
\/_\

Al |noeno | |pbiby | |,||a]| |OH]| | cobupaeT | | rpndbl
— T~ N

Al |noeno | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
— — o~

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




[ pamMmMmaTrKa 3aBUCUMOCTEN

- He Bce cMHTaKcn4yeckme OTHOLLEHUSA MOAYUHUTESbHbIE

- CouymHuTENbHAS rpynna
COYMH  COYMH

N\ N\
- Omutpuin n Oner Omutpuin n Oner

- CNOXXHOCOYMHEHHbIE NMPeasioXeHns
CEHT-COM CEHT-COM

— \/_\

Al |noeno | |pbiby | |,||a]| |OH]| | cobupaeT | | rpndbl
/ Y_\

Al |noeno | |pblby | |,||a]| |OH| | cobupaeT | | rpndbl
— — o~

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




[ 1pOEKTMBHOE CUHTaKCUYECKOE OEPEBO

° ,El,epeBo 3aBUCUMOCTEN ABMAETCS 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

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




MeToabl AMHaMUYeCcKoro

NporpaMMmMpoOBaHUS

- HekoTopoe obobLeHne anroputma CKY ansg rpammaTtuk
3aBUCUMOCTEN
- CTpounTtca gepeBo pasdbopa npearoXXeHna 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 T

- Anroputm KonnuHca. CnoxHocTs 0(n°) B C
- Anroputm JiicHepa. CrnioxHocTb 0(n)




[ padpoBble METOAD

- [NpennoxeHne npeacrasnseTcs B BUae B3BELLEHHOrO
NonHoro rpada (OpUeHTUPOBaAHHOIO)
- BepwwuHbl rpadpa — crnosa + root
- [dyrn rpada — OTHOLLUEHUA Mexay cnosamm
- Lenb
- Hantu nogrpad, SBnsoLwmnmncs gepesomM 3aBMCUMOCTEN

mht \

ookt bl e
WA= &

<root>




[ padpoBble METOAD

- Aina kaxxgon ayrm (i, j) BbluncnsaeTcs ee Bec s(i, j)

- Bec nogrpadpa B rpadpe s(x,y) = X ey S(i,J), ro€
X — BepLWuHbI noarpada,
- y — ayrmn nogrpada

20

25
mht \a

SV AT

<root>




MakcrmarnbHoe NoKpbiBatoLLee OepeBO
(MST)

- 3aga4vya CMHTaKCMYeCKOoro aHanmaa oopmynmpyeTcs Kak
3afjada HaxoXaeHnUsa MakCUmMasibHOro rnoKpbliBatoLLLEero
nepesa (MST) B cBs3aHHOM B3BeLLEHHOM rpade

- [1epeB0O Ha3bIBaAETCA MOKPbIBAKOLLMM, ECIN
- BkrnovaeT Bce BepLMHbI rpadpa

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

— fI}|ght \

¥ from
Moscow

<

‘




Transition-based parsing

- Cucmema repexo0o8 COCTOUT N3
- C — MHOXXECTBO KOHpurypauum
- T — MHOXecCTBO nepexodos. t:C — C
— OYHKUMA MHULManu3aunm
Ct C — MHOXXECTBO KOHEYHbIX KOHJUrypaumn

- KoHgbuaypauyus coCTOUT U3:
- X — CTeK

- B — bydpep
- A — MHOXecCTBO 3aBucumocTent (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

- Iumumanunsauymd
- cs(x =x1 ...x,,) = ([0],[1, ...,n], D)
- KOHEeYHOoe coCcTosiHME
- Cc={c€eClc=([0][]A)}
- [lepexoabl
- (Shift) (0,1ilBl,4) - ([olil, B, A)
- (LeftArc;) ([olilj],B,A) — (laljl,B, AU {(,[,i)}),ecnui # 0
- (RightArc)) ([olilj],B,A) = ([olil, B,AU{(i,1,))})




Arc-standard

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

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




Arc-standard

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

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




Arc-standard

CTrek bydep

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

<root> 3aBMCUMOCTU

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




Arc-standard

CTrek bydep

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

<root> 3aBMCUMOCTU

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




Arc-standard

CTtek bydep

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

<root>

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




Arc-standard

CTtek bydep

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

<root>

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




Arc-standard

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

(booked, subj,I)

subj

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




Arc-standard

CTtek 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

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

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




Arc-standard

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

subj

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

LeftArcges



Arc-standard

CTtek 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

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

subj det

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




Arc-standard

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

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




Arc-standard

Crek 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 3aBucumocTu
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

Ctek bydep
from
flight 3aBUCHMOCTH
booked (booked, subj, ) (flight,det, a)
<root> (from,prep, Moscow)
subj det prep
Y N N

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




Arc-standard

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

subj det prep

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

RightArcymoq



Arc-standard

Crtek 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

RightArcgypi



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

- Iumumanunsauymd
- cs(x =x1 ...x,,) = ([0],[1, ...,n], D)
- KOHEeYHOoe coCcTosiHME
cC={ceClc=C[]4)}
- [lepexoabl
- (Shift) (0,1ilBl,4) - ([olil, B, A)
- (LeftArc) (lolil, [j1B1, A) = (o, [I1B1, AU {(,1,D)}),
ecani # 0uAk: (k*x 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

CTtek bydep

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

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




Arc-eager

CTtek 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

CTtek bydep

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

(booked, subj,I)

subj

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




Arc-eager

CTtek 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)

/SL&I

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




Arc-eager

Crek bydpep

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

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

/SL&I

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




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

/SL&I

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




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

/SL&I

| || 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)

/SL&I 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)

/SL&I det
¢ N\

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

RightArcgypi



Arc-eager

Crex Bycpep

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

Crex Bycpep

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 det\ pmod prep

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




Arc-eager
Crek bydep
from
flight 3aBucmMmocTH
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 3aBucmMmocTH
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> 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

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 ABMAETCS 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

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




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

- Iumumanunsauymd
- cs(x =x1 ...x,,) = ([0],[1, ...,n], D)
- KoHe4yHoe cocTosiHMe
- C={ceClc=([0],[]A)}
- [Mepexoabl (oNns neBbIX 3aBUCMMOCTeEN TpebyeTcs i + 0)

* (Shift) (o, [ilB], 4) - (loli], B, A)

* (LeftArc) ([olilj].B,A) - (lalj], B,AU{(j,L,)})

- (RightArc;) ([olilj],B,A) — ([oli]l, B,AU {(i,,))})

* (LeftArc2)) ([olilklj],B,A) — (lolkljl,B,AV{(,LD})

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

- (LeftArc3)) ([olilky|k21j]1, B, A) = (lolkylk2ljl, B,AV{(, L D})
* (RightArc3)) ([olilky|k21j], B, A) — (lolilkylkz], B, AU {(i,1,)})




Non-projective Transition-based Parsing.
Online reordering

- Iumumanunsauymd
- cs(x =x1 ...x,,) = ([0],[1, ...,n], D)
- KOHEeYHOoe coCcTosiHME
- Cc={c€eClc=([0][]A)}
- [lepexoabl
- (Shift) (o,
- (LeftArc;) ([o
- (RightArc;)) (o
- (Swap) ([o

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

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

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

iy iy iy e~y




Transition-based Parsing.

[1lpeackasaHne NnepexoaoB

- 3aja4a MHOroknaccoBomn Kriaccudmnkauumm
- OOBbEKTbI Knaccndmkauum: KoHdurypauum napcepa
- Knaccebl: npaBuna nepexoaa

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



[Tpn3Haku Knaccudomkaumnm

- ['NpnsHaku onsa anemeHTa
- CnoBodopma
- Jlemma
- HacTtb peun
- [pammeMbl
- TN OTHOLLEHMSA

« QNEeMEHTHI:
- I-W 9NfIEMEHT CTekKa
- I-1 anemMeHT bydepa
- JleBoe OTHOLUEHWE 3NeMeHTa cTeka
- [lpaBoe OTHOLLEHME ArIEMEHTAa cTeka



L
Long Short-Term Memory

© iy = o(Wixxe + Wiphe—q + Wiccr_1 + by)
° ft = O'(foxt + thht—l + WfCCt—l + bf)
¢ = fOct_1i + tanh O(Wexy + Wephe—q + be)

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

V1 Y2 Y3

* Ve = g(he)




Stack Long Short-Term Memory

||||||||||||||||||




Stack Long Short-Term Memory

||||||||||||||||||




Stack Long Short-Term Memory




Y2
X

Stack Long Short-Term Memory




Stack Long Short-Term Memory

||||||||||||||||||

Y2
X

V1
X




D
Stack LSTM Parser

. A
TOP TOP
Stack / ; \\ Buffer
an || decision was | | made || ROOT
amod“/
overhasty
«— JeftArc
TOP ” f amod
:
=
*3 «— Shift
<



D
Stack LSTM Parser

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

- LeftArc,
(o1, D1, 1 B, A) = ([o](gr(vi, ). )] B AU G~ 1})

- RightArc,
([o1(s, DI}, )1 B, 4) = ([o](gr (v, ), 0], B, A U {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 oyrn paccmarpusaroTcst 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



CnenytoLlas nekums

- MalwunHHBIN NepeBoa

- Jlektop: CbicoeB AHapen AHaTonbeBny



