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Noam Chomsky

“I think the deepest property of language and puzzling
property that’s been discovered is what is sometimes called

structure dependence.”

O avipwroc¢ rmou dtopdwaoe tnv npila MOAU MPOCEKTIKA
uolee ta epyaleio tou.

oAU mpoosktike, o avUpwrtoc tou StopBwaoe tnv npilo
uolee ta epyaleio tou.




Torukotnta (Locality)

Locality

T

ADVP PU S

T~ T

MoAU TPOOEKTIKA NP VP

nalePe ta epyaleia tou

D N
o N S To «JTOAU TPOTEKTIKA» ElvVOLL
LEPOPXLKA TILO KOVTA OTO
‘ «UALEPE», KOL TILO LAKPLAL

avOpwrioc NP VP | anoé to «StépBwoen.

TN

N SudpBwoe tnv npita




XpnoLpotnta 2UVTaKTIkNg AvaAuvong

Ta avtopaTo EPYAAELO CUVTAKTLKNG
avaAuong onuepa SLVoUV yLoL OPKETEC
YVWOELC TTAnpodopia xprnotun yia Stapopeg
ePAPUOYEC, OTIWC

< Mnyovikn Metadpaon
**E€aywyn MAnpodopiog
** TPOAUUATIKOC EAEYXOC

NP of NP
R NP of England
% ... N N of England
economic N of England

economic

X
|
development




Ta U0 CUOTATLKA TNC 2ZUVTAKTLKNG
AvaAvong

2YE00V OAOL TOL VTTAPYOVTH GLGTNUOTO EYOVV OVO GLGTUTIKA

I'poppatikn (Grammar): pntn avarapidcTacT) TOV GUVTOKTIK®OV
KOVOV®V TNG YAWGGOC

Avaivtig (Parser): cuykpivel TN YPOUUATIKY) LE TIC TPOTACELS
£16000V KOl TAPAYEL GUVTOKTIKEC OOUEG




[pOLLOTLKN

Mua Fpoppatikn Tapadyel (avalUeL cwoTa) OAEC TLC
OWOTEC (ATTOOEKTEC) TTPOTACELG LG YAWOOOC KOl LOVO

QLUTEC. N = {S,NP, VP, AdjP, AdvP} U

{N, Adj, Adv}

ATToTeEAELTOL ATTO Y. = {colorless, green, ideas, sleep,

furiously }

JEva kKAeloTO (TTETTEPACEVO) CUVOAO I TEPUATLKWY
j_'l)

oUUPBOAwWV (AE€ewv)

(JEva kKAeLoto cUVOAO N Un TEPUATIKWY CUUBOAWV
(CUVTOKTIKWY KATNYOoPLWV), TTOU €ivol SLaPOPETIKA ATTO TO
2

JEva pun teppatiko ocuppolo S, ou eival To start symbol

(JEva KAELoTO cUVOAO R KAVOVWYV TTApAYWYNC, TTOU
QVTLOTOLXOUV (Tauplalovy, LETATPETTOUV) HLa akoAouBia
OUUPBOAWV o€ /e Lo AAAN.

S—NP VP
VP—VP AdvP
VP—V
AdvP—Adv

Adj— colorless
N—ideas

Adv—s furiously

NP—AdjP NP

NP—N
AdjP—Ad]
Adj— green
V—sleep




MNapadeypuo Avalvonc

N = {S,NP, VP, AdjP, AdvP} U
(N, Adj, Adv}

¥ = {colorless, green, ideas, sleep,
furiously }

R
S—NP VP NP—AdjP NP
VP—VP AdvP
VP—V NP—N
AdvP—Adv AdjP—Ad|
Adj— colorless | Adj— green
N— ideas V—sleep
Adv— furiously

=N

S = NP VP
= N VP
= ideas VP
= ideas VP AdvP
= ideas V AdvP
=> ideas sleep AdvP
= ideas sleep Adv
= ideas sleep furiously

S
_._,_,..--""'"'Frhh"""‘--..._‘_H
NP VP
| T T

N VP AdvP
| | |
Ideas V Adv
| |
sleep furiously

H yvAwooa opiletal
epappolovtac OAEG TLC
SUVATEC TAPAYWYEC:

NP VP NP VP
| T P T
N VP AP AP NP VP AdwP
I | | I |
ldeas V  Adv A N V. Adv
| | | I |
sleep furiously ~ Green ideas sleep furiously

5
,---"""'fﬁ_h‘-‘-hh'"""'---.
5 NP VP
— T — T
NP VP AdjP NP VP AdvP
~N ~ | N | |

AP NP VP AdP Adg AP NPV Adv
| | | | | | | | |
A NV Adv  Colorless Adj N sleep furiously
| I | | |

Colorless ideas sleep furiously green ideas




H lepapyia tou Chomsky (Chomsky Hierarchy)

Kavovikn ypoppoatikn (Regular Grammar) 1 Tomov 3: 670 apioTePO VoL Un-
TEPULOTIKO GLUPOAO, GTA bsi%a EVOL TEPLLOTIKO GUUPOAO Ko Thavme Eva un-
TEPUATIKO

A = aBn
A—2a

I'pappatikn £hev0epng ovvracng (Context-free Grammar) 1) Towov 2: cto.
OPIOTEPA EVOL KOL LOVO EVOL IN-TEPUATIKO GUILBOAO, 6T O£EL0L OTOLOGONTOTE
GLVOVOAGUOC TEPUATIKMV KOl UN-TEPUATIKOV GUUPOA®V

I'poppnotikn svoicOntne sovroine (Context-sensitive Grammar) 1 Tomov 1:
KOVOVEG TNC LOPPNG A A Y - X B Y

Elev0epn I'pappotikn (Free 1) Recursively Enumerable Grammar) 1) Tomov 0:
OTLONTOTE KOAVOVES

Kd@arypauftarucﬁ Tomov 3 givon ko Tomov 2, 1 ko 0. Kébe ypaupatikn tomov 2 ivarl

Ko Tomov 1 ko 0, k.0.K.




2uvtaktikn AvaAvaon - Parsing

Top-down

ZeKIVOVTOS oo TO apyko cOUPBOAO (S), EPapUOCOVUE TOVS YPOLUOTIKODG
KOVOVEC TPOG T EUTPOC (avTIKOOIGTOVTOS TO 0PleTEPO GLUPOAO EVOC KOVOVA
LLE TO OEEL) UEYPL O1 TEPUOTIKOL KOLUPBOL TOV 0EVTIPOL VO AVTIGTOLYOVV GE AECELC

™G TPOTOCNC.
KaBoonyovuevo and tov otoyo (goal-driven)

Bottom-up
ZEKIVOVTOG A0 TIG AECELS TNC TPOTOOTS EQAPUOCOVUE TOVE YPUULOTUKOVC
KOVOVEG avTioTPo@a (avVTIKAOIGTOVTAC TO 0EEL TOVG LEPOC LE TO APIGTEPO) UEYPL
Vo OTAGOVUE GTO aPyIKO cLUPoArO (S).
KaBoonyoovuevn amd ta ogooueva (tnv mpotacn) — data driven




Top-Down Parsing: Example

Input Sentence:

Lexicon:

inal -+ Noun

inal — Nominal Noun
inal — Nominal PP

P - Verb

'Det-‘thatlthisla

oun — book | flight | meal | money
erb — book | include | prefer

noun - | | she | me
roper-Noun — Houston | NWA
Aux — does

Preposition - from | to | on | near | through

PP — Preposition NP

Top-Down and Bottom-Up Parsing

Natalie Parde
1.21K subscribers

———

Top-Down Parsing: Example

Book that flight.

S -+ NP VP

S — Aux NP VP

S —+VP

NP — Pronoun

NP — Proper-Noun

NP — Det Nominal
Nominal — Noun
Nominal — Nominal Noun
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — VP PP

PP — Preposition NP

W N

Aux NP VP

%0—0)

15 ouvduvaopol 15 ouvSuaopol



Top-Down Parsing: Example

[ Book that fight. | - a -
S — Aux NP VP NP VP NP VP NP VP
S — VP - + + ™ S —
NP — Pronoun Pronoun Verb Proper-Noun Verb NP  Det Nominal Verb NP PP
NP — Proper-Noun
NP — Det Nominal
Nominal — Noun
Nominal — Nominal Noun
Nominal — Nominal PP S S S 8
VP — Verb NP NP VP NP VP NP vPe NP VP
VP — Verb NP PP + e N 7o — + 4 T
$ — :’,:ﬂ:) :P Pronoun Verb PP Pronoun VP PP Det Nominal Verb Pronoun Verb NP PP

PP — Preposition NP

...and many more!
Natale Parde - UIC CS 421

3 tpormot va oxnuatiotel to NP x 5 tpormnot va oxnuatiotel to VP = 15 ocuvduaopol
OUVOALKA (0TO oxAua amo mavw ¢aivovtol povo oL 7)




Top-Down Parsing: Example

| Book that flight. |

s @ s s
S NPVP AN A~ |
S — Aux NP VP NP VP Aux NP VP VP
S— VWP b [ Q/\ i ~
NP — Pronoun P n Verb t Nominal Verb Verb NP
NP — Proper-Noun '§u + o R
NP — Det Nominal Noun Det Nominal
Nominal — Noun : +
Nominal — Nominal Noun | | D€t — that| this | a Nown

: : Noun — book | flight | meal | money
Nominal — Nominal PP .
Verb — book | include | prefer
VP — Verb
VP — Verb NP Pronoun — | | she | me
VP — Verb NP PP Proper-Noun — Houston | NWA
Aux — does

VP — Verb PP :
VP — VP PP Preposition — from | to | on | near | through
PP — Preposition NP
e P ...and many, many more not shown!

Natale Parda -

ATtO OAEC AUTEC TLC EVOANOKTLKEC TTOAAEC atoppirtovtol yiati BAENMW amo vwpic otL dev pmopouv va pe
odnynoouv otnv mpotaor] Lou.

H aplotepn enhoyn amopplmtetal yioti odnyel oe mpotaon 2 Aé€ewv, evw n LK pHou tpotaon €xel 3 AEEeLC.
H pecala anoppintetol yiati Eekvaet oo AUX, to omolo pmopel va gival povo n Agén does.



Top-Down Parsing: Example

Book that flight. |

S -+ NP VP

S — Aux NP VP
S—-VP

NP — Pronoun

NP — Proper-Noun

NP — Det Nominal
Nominal — Noun
Nominal — Nominal Nou
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — VP PP

PP — Preposition NP

& A
e e

&

Aux NP

Q/\ 0
t Nominal Verb

+
Noun

Det — that | this | a

Pronoun — | | she | me

Aux — does

Noun — book | flight | meal | money
Verb — book | include | prefer

Proper-Noun — Houston | NWA

Preposition — from | to | on | near | through

1 H &€& emhoyn odnyet og mpotaon 3 Ag€swy, pe pEpn touv Aoyou Verb — Det — Noun.
[ O A€€elc tng mpotaong Book that flight etvat 3, Ko

...and many, many more not shown!

1 pumopouv, cupdpwva pe TNV NPAUUATLK HOU, VOL OVAKOUV OE QUTA TNV olkoAouBio pepwv
TOou Aoyou, onote Bpnka Avcon, ONA. CWOTN CUVTAKTLKA avaAucon TNG MPOTACHC OV LLE
autn tn Npappatikn.




Bottom-Up Parsing: Example

Noun Det Noun Verb Det Noun
¥ ¥ ¥ + + +
book that flight book that flight

Det — that | this | a

Noun — book | flight | meal | money

Verb — book | include | prefer

Pronoun — | | she | me

Proper-Noun — Houston | NWA

Aux — does

Preposition — from | to | on | near | through

1 Zekwvaw twpa oo tic AEEsLc TNC mPOoTaoHC HoU.

J Edoppolw omolov kavova Umopw oo ta S€Ld mpoc ta aploTepa.

J Zekwaw pe touc Kavovec tou Ag€ikovl. To book pmnopet va eivat Noun ny Verb, to that povo
Det kat to flight povo Noun.




Bottom-Up Parsing: Example

Book that flight.

S -+ NP VP

2 : C:x HRVE Nominal Nominal

NP — Pronoun N: = an
NP — Proper-Noun ’un : o’u
NP — Det Nominal

Nominal — Noun book that flight
Nominal — Nominal Noun
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — VP PP

PP — Preposition NP

Natalie Parde - UIC CS 421

1 To Noun povo tou pmnopet va dwoet povo Nominal.

Nominal
v

Verb Det Noun
+ 12 ¥
book that flight




Bottom-Up Parsing: Example

‘Book that flight. |

S — NP VP

S — Aux NP VP

S —- VP

NP — Pronoun

NP — Proper-Noun

NP — Det Nominal
Nominal — Noun
Nominal — Nominal Noun
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — VP PP

PP — Preposition NP

—

NP
Nominal
Noun Det

L 4 ¥
book that

/?o:ninal vP
¥ A 4 A 4

Noun Verb Det
¥ + +
flight book that

Natale Parde - UIC CS 421

(J To DET akoAouBoupevo and Nominal &ivet NP.
1 Ot aAAotL cuvbuaopol

J Nominal Det

1 VP Det
J Verb NP
L dev Slvouv katt

Nominal
v

Noun
+
flight

NP

/?o‘minal
v

Verb Det
+ +
book that

Noun
+
flight




Bottom-Up Parsing: Example

Book that flight.

S —+ NP VP

S — Aux NP VP

S —-VP

NP — Pronoun

NP — Proper-Noun
NP — Det Nominal
Nominal — Noun
Nominal — Nominal Noun
Nominal — Nominal PP
VP — Verb

VP — Verb NP

VP — Verb NP PP
VP — Verb PP

VP — VP PP

PP — Preposition NP

E NP

Nominal

Rminal
4

Noun Det Noun

v L 7
book that

L 4
flight

E NP

VP
v

Nominal
7

Verb Det Noun

+

+

¥

book that flight

Natale Parde - UIC CS 421

S
+
VP
NP

lenal
7

Verb Det Noun
¥ + +
book that flight

U Ta Suo aplotepa 6evrpa (Nominal NP kat VP NP) &ev divouv katt

1 To b€t (Verb NP) Sivet VP, kol auto pe TNV oslpd Tou SIVEL S =2 0WOT OUVTOKTLKN
avAAUCoN TNG TPOTAONC




>UVKpLoN
Top-down vs Bottom-Up Parsing

H avdAvon top-down ogv ydver ypodvo eCEPELVOVTAC OEVTPU TTOV OEV
00MNYOVV GE TPOTUGT).

H avdAvon top-down oev e€gpevvd VTO-O0EVTPA TOV OEV UTOPOVV VOl
OTTOTEAECOVV TUNLLOL LOG GOGTNG TPOTOOTG

H top-down avdAvon crataldel OU®E TOAD YpOVO GTNV ECEPEVVNON
OEVTPMV TOV 0ONYOVV LEV GE TPOTUGCT), OAAL EIvol AGYETA LE TNV
TPOTOCT TPOS AVAALO.

Avrtifeta 1) bottom-up avdAvcmn o€V 001 YEL TOTE G€ OEVTPOL TOV Efvou
AGYETO LLE TNV E10000

H bottom-up avdAvon crataldel TOAD Xpovo GTO VO PTIAYVEL VTTO-

Sevrpoc (sub trees) To omoio 0V £YOVV Kool EATION VO OO YT |GOVV GE
oMWGTN TPOTAGT.




[MBavotikec Mpoppatikec (Probabilistic Grammars)

H Bewpilo mbavottov umopet vo BEATIOGEL TIC YPOUUOTIKEC TOV
EYOVLE KOTAOKEVAGEL YEPOVOUKTIKA

Mia amAn TpocEyyion gival va kabopicovue pia mhoavotnta yio Tov
KAOe Kavova YpouUaTikne pue Baon 1o mOGEC POPES YPTNOIUOTOLEITOL GE
EVO GYOALOGUEVO COTPUS

[TBavoTikég I'pappatikéc EAc0Bepnc Z0vtaéng (Probabilistic Context-
free Grammars - PCFGs)




Mo PCFG

AtroteAeiton amo
JEva kKAeLoTO (TTETTEPACUEVO) CUVOAO I TEPUATIKWY CUUPBOAWV (AE€swV)

JEva kAelotd oUvolo N pn TEPUATLKWY CUMBOAWY (CUVTOKTLKWY KOTNYOPLWV), TTOU
elval SLaPopeTKA ATTO TO 2

JEva pn teppatiko cupPolo S, Tou eival to start symbol

(JEva kAeLoto cUvVoAo R KavOVWYV TTapaywync, TTOU aVILOTOLYOUV (taplalouy,
LETATPETOUV) pLa akoAouBia cUUBOAwWY o€ /e pLa GAAN.

1 Eva avtiotolyo cUvoAo TBavoTNTWV YL TOUC KOVOVEC £TOL WOTE LA KAOE |

3. P(A, > B) =1




PCFGs: Mapadeyua YrtoAoyLopou

MBavotntwyv Kavovwyv

Corpus:
John talks. He laughs. He likes Mary. He puts the book on the shelf.

I'poappotikn:

VP>V (1)
VP 2> V NP (2)
VP - V NP PP €))

[IBavotntec: (1) 0.5
(2) 0.25
€)) 0.25




PCFGs: Moapadeypa AvaAuonc

‘Eotow n I'papuoatikn:

S =2 NP VP
PP > P NP
VP 2> V
VP =2 V NP
NN
V =2 saw

N = astronomers

N = stars

(1.0)
(1.0)
(0.4)
(0.6)
(1.0)
(1.0)
(oK)
(0.7)

S(1.0) ‘astronomers saw stars’
NP(0.3) VP(0.6)
N (1.0) V(1.0) NP(0.7)
astronomers  saw N (1.0)

stars

H mBoavotnta piog avaAvenc 16o0Tal LE TO YIVOUEVO TMV
TOAVOTNTOV TOV KOVOVEOV TTOV EUTAEKOVTOL GTO GUVIUKTIKO
OEVTPO TNG OVAALGTC.

P (“astronomers saw stars”) = 1.0%0.3*0.6*1.0*0.7 = 0.126



>UyKkplon Mpooeyyiloswv Baoel Kavovwyv
(AoylkNc) Kat ZTATLoTIKWV [1pooeyyioewv

IIpoceyyiceic Bacel Aoyumc: ITheovektnuata
H yAwoooAoylkry yvwon Kat dtaiocbnon mou €xoupue pUmopel va xpnotponotnOel
AxpiBela
[Ipoceyyicels Bacel Aoywkng: Metovektnuoto
MeyaAo KOOTOC Kol XPOVLIKN SLAPKELO KATOLOKEUC TOU LOVTEAOU
AUokola ebappooLun o paypatikd dedopeva pe KaAn kaAvudn
To povtelo dev pmopel va emektabel eUKoAa
2tatioTikeG [lpooeyyioceic: ITAeovektmuata
pnyopotEPN N VAOTIOLNON TOU HOVTEAOU
KaAn kaAuvn
EupwoTtia - Robustness
Mukpég amattrioelc o€ yvwon (knowledge poor)
Edapupooiun os npaypatikd dedopgva
To povteAo eival EUKOAO EMEKTACLUO
2tatiotikeS [lpoceyyicelc: Melovektnuato
Agbdopgva oAU xapunAng ouxvotntag (sparse data)
AuokoAlal UTTOAOYLOOU OTATLOTIKAC CUCXETLONG YAWCOOAOYIKWY GALVOUEVWY
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