bl 5 bt gl 5 b (ool !

(Parsing) &ead 4 yad

o g sula
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(Parsing) (g0 425 —otill) (wlidly b 28l

(so15) 322 ©
(Phrase Structure) o le jusle ©
(Dependency Structure)  Suuwly jisls ©
(Context Free Grammar) ;e jl Jitmo ol 5 @
(Chomsky Hierarchy)  Suwl> <ol dusdw ©
Treebank e
2l )8 S5 0392 canlio slajlizo @

(Parsing) sgas 4y 0
(Bottom-Up Parsing) Vb 4 jwb 425 ©

Earley & ;=35 o

infinitives (TOp-DOWH PaI'SiIlg) .u.‘A...).L.).. 4.? ”lf 4._).}753 L
engl|ShcondltlonalsmgEverbsmgm‘sgI CKY d._\)_‘z_) o

]ues ions worksheets'"te"°83t“’°s"' 2
repositions z “£8

passives S relatives
o

:tVerons

affirmati
S adject

nou
artlcl
present
exercises
genitive
S
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ol )5 Jlazzl 4 L (formal grammar) gow) I3 ¢
(formal languages) o) SlROL) Vs wledS slaallss JuSis sl 0 (rule) sclgsd jl slacgo=xo ©

(9a3)syntax ojlg ©

setting out together or arrangement, e 4 s’yntaxis St ojly jl °

3o jl Giuw ¥ 0,8 s Panini g o jSuibw OUJ sl OLJ sgiws p9a5 @

S AHBALw julan S g9, O
(Constituency) ssias Jusis slj=l - (Phrase Structure) o )le jlsle ©
(Dependency Structure) Sl jtislw ©
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(Parsing) (g0 425 —otill) (wlidly b 28l

... (Phrase Structure) «i ks skl .o T

590 5 Shlae yu olals Aaglejlw ©
the man took the book, dlo> :Jlo ©
— —

Noun Phrase
Noun Phrase \ )

Y
Verb Phrase

Sentence
VP VB SN\ Ve'rb/>P\
ADJP - ... JJ* ... ook the book

ADVP —» ... RB* ...

9 g0 S (Constituent) saias JuSis jo Sy G99 slaazly jlplaS a4y o
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(Parsing) (g6 4306 — by wlid b b L] N

... (Phrase Structure) i s jkiiles .o0 T

(Constituent) suias Jasiiis ja lealiddi 0 923 ©
3135 3929 S5ed 38195 (53,190 13 9 Canns GSL.»T s o
(J=8 Jl Jd :dlis ) Gline (5950 JliSlo b dox I (sl jisn ) Jgeb ©

o [three parties from Brooklyn] arrive. . .
o [a high-class spot such as Mindy’s] attracts. . .
o [the Broadway coppers] love. . .
o [they] sit
2l > 2lgs (g0 9 05,5 JB) 32y SG Ulgie 4 s ST S SO iR s °
2lo dox I silisro
o John talked [to the children] [about drugs]
o John talked [about drugs] [to the children]
o [Incorrect] John talked drugs to the children about
29s50 IS G b sl 410 o
o I sat [on the box/right on top of the box/there]
/wlu/thm 9> sl /G-du ©
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(Parsing) g0 428 —(otilly (lidolj b 268l |

(Phrase Structure) i ks jkiile .o T O/

Analysts said Mr. Stronach wants to resume a more inflectional role in running the company Jl:\.a (@)
L
NP-SEJ UF_-_-_—_—-—-_-_—_-_
//\\\.
NFLS VBD SBAR
,‘/’/‘\
Analysts said -NOME- 5
f/_,../\
0 NP-SBJ-1 VP
/\\
NNP  NNP  VBZ [5
/\\-.
M|r. StmLach wa‘ms MNP-5E) VP
/""'/\
-NONE- TO VP
."//’".\\\-‘
*-|1 IL VB NP

resume

REBR 1

more influential




\\\\\

(Parsing) (g6 4306 — by wlid b b L] N

(Dependency Structure) 22 '9 3““ ,9.; T

&M|M|3J§fdw5e|ésdew53|454sw|de|ﬂlta0

PR 6),::0 ,J-o.c
Aoz

The boy put the tortoise on the rug

put
e —— —
boy tortoise on
The h/ rug
the B
the

Hadi Veisi (h.veisi@ut.ac.ir)




\\\\\

(Parsing) (g0 425 —otill) (wlidly b 28l

<

...(Context Free Grammar) gie i Jiies yof y8 T

e 3 Jihues 4ol S O
CFG: Context Free Grammar -

Phrase-Structure Grammars : ;%3 oG 0

BNF: Backus-Naur Form L ,tsle jiule ©

Jload Sy e

([a.fchl.n_:Lo.L\’ soby) ubJls k5|¢.c}o._z‘o o
..\.x.w.ub([oilh:) SledS (sai09 5 09 )Nl AF (yuiled )l slac gozxo O

s ol 3 slagl) 9 (b slagly) Suws g3 ja suldiel ©
Sl Gieles OTL ) g2 L) s, lsbe Olsi 45 Gl (558 SIS 0I5l 4 @
2 OVox 25 Sl ) G590 S U 55 Olgis 45 Cand 3930 (SIS oIl 4 @

3,5 b ol bl c
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(NP) cocal & ylse 1 Jlas ©

<l (ProperNoun) ol el b

Cawl 33T 00 Nominal o7 jl sy 45 (Det) iy p25 G > Sy 40 b

NP — ProperNoun
NP — Det Nominal

(Nominal Noun) el b 3&b (Noun) euwl 35lg5 o Nominal 55

Nominal — Noun | Nominal Noun

n(mu OLlS I o5 1 Jolis 3155 g0 (@5Uhe) cpaslic I pl3S o

Det —a
Det —the
Noun — flight

NP — a flight

Noun — book
Nominal Noun — cup of tea

ProperNoun — Ali Karimi

NP — the cup of tea

AL
NP — Ali Karimi
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Oe ) Jihiws g0l )8 S0y ouldieal ©

NP — ProperNoun Det

NP — Det Nominal Det

Nominal — Noun | Nominal Noun

—d Noun — book

— the Nominal Noun — cup of tea

Jal)S yuilsd 1 o3kl b (SlelS) adid ) I sl (02 Gideo) 3ulgi

ol p3 o 93 aiub ) S b 3y (recognition) (ousuis o

NP — a flight

NP (LS 1 SIULS3) dhox Sy 2 il Sy Olus] ©

PN
Det Nom

a Noun

|
flight

(parse tree) & 3= i ps 0
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(Parsing) s 457 ~ k) (bisobs b itl | SRR
t \N> 4
oo O 3 Sihiome alﬁT e

(e ) JShiws g0l S S0 polic O
Sisamd OUJ 23 8519 SO U cawlizio 45 (g pmolic (terminal) 4Ll o
S gl 503 Sl s ol slaasbl Jl o

_)"IIII) . fo)

. 9 Ali book the sisk o

(non-terminal) 4LL e °
Siiwd LT )l slasmwss b adbon K HSky a5 (5e3Me ©

/N

NP — ProperNoun Det —a

NP — Det Nominal Det —the
Noun — flight

Nominal — Noun | Nominal Noun
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&9).» . o ES-U-I-\-‘S-\/ :
(sentence) -

S — NP VP I prefer a morning flight

VP — Verb NP prefer a morning flight
/ Lol G >

VP — Verb NP PP leave Boston in the morning

VP — Verb PP leaving on Thursday

PP — Preposition NP from Los Angeles
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...‘s...«...“.‘JSA!J.obSo

21,5 0Bl

S — NP VP 1 + want a morning flight
NP — Pronoun 1 Nowun
| Proper-Noun Los Angeles Verb
| Det Nominal a + flight Adjecrive
. ) Pronoun
Nominal — Nominal Noun morning + flight Proper-Noun

| Noun flights

Determiner
VP — Verb do Cf‘jre{)osinion
onjunciion

!

l

!

l

!

!

l

flights | breeze | trip | morning | ...

is | prefer | like | need | want | fly
cheapest | non —stop | first | latest
| other| direct | ...

me | I| voul it| ...

Alaska | Baltimore | Los Angeles

| Chicago | United | American | ...
the | a| an| this| these | that | ...
from| to| on| near| ...

and | or| but | ...

| Verb NP want + a flight
| Verb NP PP leave + Boston + in the morning
| Verb PP leaving + on Thursday

PP — Preposition NP from + Los Angeles
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S

N

NP VP

| T
Pro  verh NP
o
4 prefer Det Nom
| T

a Nom Noun

| |
Noun flight
|

morning

s"“:‘"ﬁ‘ »lS0

d prefer a morning flight, dles sl 0 4525 5,5 @

(bracketed notation) glasy S jiwles ©

[S[NP [Pro1]] [VvP [V prefer] [NP [Det a] [Nom [N morning] [Nom [N flight]]]]]]
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G aile pol )8 S oy a2 ©
G:(N,Z,R,S) OYgo L > )LP Jolm °

(nonterminal symbols) bl ue jl alie sldcgome :N o
(variables) & jsie b l@aLL jue ©
(terminal symbols) bbb jl alis sldcgomo 22 @
N acgozo jl ploio 0
35 3l 50 (e 1) b)) wlals aaskl o
A—B JSi 4 aclgs jl glacgomo :R @
()50 S J3laa) LALL yue Jl slacsoxo A 0
(AJ\J SENPYEWRETY Cran) ||_HS|:1
346b =olidn b (18 33le3 50 —(DUN)* I el Loasbl e 9 Laasbl I slass B o

T sl Olgie 4 ALY e jI SG:S e
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(Parsing) (g6 4306 — by wlid b b L] N

(CNF: Chomsky Normal Form) ¢ehetbiy Jio 5l i y9e@ T

T sl caacs 45 (CFG) e 31 iass ol 5 31 s ©
A—a cwl 4LL SS hid o
A— B C el 6Ll e 951 @

Sl ©

Caeul y Cracy j3 g0l )S (23 O
NP—the NN G 6L jut 9 GLL oS 5 Sdl> slols @
NP—NNP s BGLL i sl 0 (Unit production) sa>ly sdei shils @
VP—VPZ NP PP s 4LL ut 93 jl Jow gLl @
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(Parsing) (g6 4306 — by wlid b b L] N

.
\\\\\

(Sazs Julae) v gudi Jouad CNF s a0 wil g3 o0 CFG 4ol S 50 0
Sl Oloz 95 b 45 395 ) IS 95 :(Weak equivalence) caws Usleo ©
S o 33 |

S4S 5o o3 b Sl e 93 0 a5 3ie¥ ) ol ;5 93 (Strong equivalence) 548 Jslswo 0
DS 5o Sl Mea 9T sle ) (53luss b (yrized 5

(NP—the NN) oS 55 el jl bl B>
(NP—NNP) (unit productions) a>lg sdgs B3> o
(03, £29393) (VP—VPZ NP PP) 4L jut 95 jl Giuw s> pilgd 3> @
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... CNF 4 CFG Jioel uoimlp Jos Gisoue | S

\\\\\

(Parsing) (g6 4306 — by wlid b b L] N

(NP—the NN) s 5 ol 5 basbib Sia

e foreach production A — B; B;...By, containing a terminal x INF-VP — to VP Iﬂ
e Add new non-terminal/production X1 — x (unless it has

already been added) INF-VP — TO VP
Replace every B; = x with X1 TO — to

(unit productions) Lasalg aud 93 GSia

e while there is a unit-production A — B,
e Remove A — B.
e foreach B — u, add A — u.

(0405 (529499) bk 1t gu 5 (s g1 yls (31 68 Sda

A — BCy 'ﬂ
e foreach rule p of form A — B; B,...By
e replace p with A — B; X1, X1 — B, X2, X2 — B3 X3, ..., Xl — BC
X(k —2) — Bi_1 Bk (Xi's are new variables.) A — XIy

Hadi Veisi (h.veisi@ut.ac.ir)



\\\\\

(Parsing) (g6 4306 — by wlid b b L] N

.. CNF 4 CFG Jiagi oot Jlo i Gispu0 | S

S —- NPVP
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

S — NPVP

S — X1VP

X! — Aux NP

S — book | include | prefer
S — Verb NP

S — X2 PP

S — Verb PP

S — VPPP

NP — I| she | me

NP — TWA | Houston

NP — Det Nominal
Nominal — Dbook | ight| meal | money
Nominal — Nominal Noun
Nominal — Nominal PP

VP — book | include | prefer

VP — Verb NP

VP — X2 PP

X2 — Verb NP

VP — Verb PP

VP — VP PP

PP — Preposition NP

Hadi Veisi (h.veisi@ut.ac.ir)
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(Parsing) (g0 425 —otill) (wlidly b 28l

.

\\\\\

(CNF) ohmtlpy Jio 5 i y9e@ T e

(binary branching) o gu9s 4l & yuaalgs O
313 3929 45Lls 95 i S0 CSlw jl Ao o )y 0

VP — ADV eat NP

VP — ADVP VP,
VP1 = VP2 NP
VP> — eat

CKY L > P.».J),ijl 2> aolawl o

VP
— T
ADV eat NP

VP

—
_VP_ ADV VP,
ADV eat NP Vlﬁp

eat
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(Parsing) (g0 425 —otill) (wlidly b 28l

« (Chomsky Hierarchy) ol el 39 T

Regular Expressions ! ‘p JJ J ‘SLAJA‘JS ‘54;‘-.‘ I.. 3 0O

(regular grammars) ¥ g9 sl ol )5 ©
s A—a LA—Ba A—aB slaw)so 4 aclgs o

ol ablb @ g able B gA
Finite State Automata Regular Grammars sl - )'L?m % A e
(context free grammars) ¥ g9 sl ol S5 ¢

el BALL je 5 LALL I slallss B s asbl jue KA a5 sibso A—B = rgo &y aclgd 0

(context sensitive grammars) | g¢ sl ol 5 ¢
Eawld bl jut 9 ALl Jl slas Y B a5 ablb jue A a5 3ubb o0 AAB—aYB ) g0 a5 aclgs 0
Al dles K Jolids JBloa LY (o bl 8 bls5 0B sa o
|LHS[<|RHS|

(recursively enumerable languages L unrestricted grammars) &9 S ol S o

(Sip o5 yublo) 33 )5 508 Jlecl aclgd (590 p9 (Sud93=x0 O
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(Chomsky Hierarchy) atbiy whil 30 ddudes T

o ¥ y9 saruy LA ol S guiadinus O

Finite State
Automata

car Bounded N"O«\

Turing Machin®
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(Parsing) (g0 425 —otill) (wlidly b 28l

\\ e.‘“f’:' 'f‘;"'.', -
I oh ol Oap ikl SLR shaite |
B 1 Ol & SR Y

(Generality) cus gas ©

b 5339) N9 g0 Judodd (g 4 el S bl o 45 0L jlme Doz 339350 ©
(g 50

(Selectivity) Suung o
g g0 ) pol )5 bl 20 45 OLJ U3 jlre pue DMz 339520 ©

(Understandability) agé culils ©
).ol)g ;)L» @
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\\\\\

...Treebank T

Cueal 00di (5 93 da jad ()] CMan dS e slo Sy ©

Penn Treebank »j9»
G 5 < iolSl slapl) sl 0

Wall Street Journal s ATIS .Switchboard Brown slac ,Su wMea Jubis 1 suulSil 0

((s
(NP-SBJ (DT That)
(JJ cold) (, ,)
(JJ empty) (NN sky) )
(VP (VBD was)
(ADJP-PRD (JJ full)
(PP (IN of)
(NP (NN fire)
(cc and)
(NN light) ))))
(- ) ))

DT 1T

\
Thar cold

NP-SBJ VP

/\
, JT NN VBD ADJP-PRD
. empty sky was JJ PP
/\
Sfull IN NP

\
of NN CC NN

L
fire and light
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((s

(NP-SBJ (DT That)
(JJ cold) (, ,)
(JJ empty) (NN sky) )

(VP (VBD was)

(ADJP-PRD (JJ full)
(PP (IN of)

(NP (NN fire)
(CC and)
(NN light)

))

))))
(. .)

((s
(NP-SBJ The/DT flight/NN )
(VP should/MD
(VP arrive/VB
(PP-TMP at/IN
(NP eleven/CD a.m/RB ))
(NP-TMP tomorrow/NN )))))

(

(s

(v )
(s-TPC-2
(NP-SBJ-1 (PRP We) )
(VP (MD would)
(VP (VB have)
(s

(NP-SBJ (-NONE- *-1) )

(VP (TO to)
(VP (VB wait)
(SBAR-TMP (IN until)
(s
(NP-SBJ (PRP we) )

(VP (VBP have)

(VP (VBN collected)

(PP-CLR (IN on)
(NP (DT those) (NNS assets)

(o) 7o)
(NP-SBJ (PRP he) )
(VP (VBD said)

(S (-NONE- #*Tx-2)
(- ) ))

))

111

(Parsing) g0 428 —otilly (wlidolj b 268 | 4

Treebank

Treebank

\\\\\

J'J"'JSG'J&“'O

— NPVP.

NP VP
"ST,NPVP.
-NONE-

DT NN

DT NN NNS
NN CC NN
CDRB

DT JJ, JJ NN
PRP
-NONE-
MD VP
VBD ADJP
VBD S

VB PP

VB S

VB SBAR
VBP VP
VBN VP
ove

INS

JJ PP

IN NP

NP

VP

SBAR —
ADJP —
PP

PRP — we| he

DT — the| that| those
JI — cold| empty| full
NN  — sky| fire| light| ight
NNS — assets

CC — and

IN — of| at| until | on
CD — eleven

RB — am

VB  — arrive | have | wait
VBD — said

VBP — have

VBN — collected

MD — should | would

0 — 1o
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(Parsing) (g6 4306 — by wlid b b L] L

... (Parsing) soan & e T B

OT 53m3 oS (59205 (sl kil 4 dloz & jos @

Lagaae jlas O
OLJ jlme )bl jl (som) Cinogi 335 15 1293 1 0ol S @

ool g OT 5976 sl izl 03 )5 yasine (sl oz BT Jho) 10 o yhoy ©
Obj el )5

5 JGs O
d_f—f—’f\

/\ __/—f"’7\\-\ (The dog chases the squirrel in the park) do=> ©

Det W

the dog chases MNP
RPN

the  =quirrel in  Det M

the  park
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\
C
. «
. <
< R L o
S =
S o) (5777 8
§ Nona) 177 o
(N [ \.V
%t) gé ! o \

il dan )3 O

J.¢|J.§CAMG‘AJJ.:\O
))9CA§L~9)$.3.L0 o

Oledsl LG O

LR

Hlass ha
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$9> i ol hgy 99 ©
(Top-Down Parsing) .
(V) iS50 9 00 (S) e sles skes Jl 0

550 Alon B oiS 5o w0 31 355 330l Sel8 bl y L) sles ulgs e a5 b el ples ©
(0mb) S w2 ySae BLdu sl elas b 5 Sgub g3

Sz 03z @i s il 3L (Phrase) o= 05,5 8 sl Pl aslss slass ST o

(Bottom-Up Parsing) VL 4 jwb 400 ©
(Onb) piS (5o g9 00 aloa wlals Jl 0

)i_»_.)l._»_g[oy»)._)(S)o._g)L'cTbLoJAgL@SdeLo)Uﬁ,QéwumwbLQs.)Lo.h).obf._\.d}ﬁu»LwU.; o
(VL) P42 ol b sles Ia.ul}u

S e 0z i) ST bl L) AlS Ha sl Rl slasles slass )10
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... (Top-Down Parsing) osily « &l « 3 T N

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

\\\\\

(Parsing) (g0 425 —otill) (wlidly b 28l

.

L Jle O

P

ol S0

Det — that [this [a

Noun — book [flight [ meal [ money

Verb — book [include [ prefer

Pronoun — I [she [me

Proper-Noun — Houston [ TWA

Aux — does

Preposition —from [to [on [near [ through

Book that flight :.g59)9 4> ©
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(Parsing) (g0 425 —otill) (wlidly b 28l

(Top-Down Parsing) gmli & &k « i T

§ — NP VP Det — that [ this | a
§ — Aux NP VP Noun — book [flight | meal | money J"i s O
§—Vp Verb — book [ include [ prefer
NP — Pronoun Pronoun — I [ she [ me .
NP — Proper-Noun Proper-Noun — Houston | TWA Book that fll’ght 41"" ¢
NP — Det Nominal Aux —s does
Nominal — Noun Preposition —from [to [on [near [ through
Nominal — Nominal Noun .
Nominal — Nominal PP S )l &g)uw o
VP — Verb
VP — Verb NP SLosd g% s )s ploi sl @
VP — Verb NP PP . . .
VP — Verb PP Ooled wlel o sy cslu wlsl @
VP — VP PP
PP — Preposition NP S e ©
S S S
NP VP Aux NP VP VP

/\/\ﬂ\/NI\

VP Aux NP VP Aux NP VP VP VP

/\\ N N

Det Nom PropN Det Nom PropN V NP V
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(Bottom-Up Parsing) &k « osily dggﬁ

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

(Parsing) 596 455 —(odilly ol b s "

Det — that [ this [a

Noun — book [flight [ meal [ money

Verb — book [include [ prefer

Pronoun — I [she [ me

Proper-Noun — Houston | TWA

Aux — does

Preposition —from [to [on [near [ through

Book that flight

Noun Det Noun Verb Det Noun

Book that flight Book that flight

JGe O
Book that flight :ade>

$2909 OIS jl g9 ©
b po pal )3 ilg Jlosl
owlsd Jlocl dalsl o

Nominal Nominal Nominal
Noun Det Noun Verb Det Noun
Book  that ﬂilgllt Bo|0k T_h‘ﬂ[ flight
NP NP
Nominal /Emjnal VP Nominal /ﬁﬁnal
Nolun Det Nc"un Ve‘rb Det Nc|»1111 Verb Det No‘un
Bo|0k th‘at ﬂilzht Bo‘ok th|m ﬂi|ght Book th‘at ﬂiLht
/\Nmmml %mlll
Verb Det Noun Verb Noun
Book that ﬂlght Boolk that fhght
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(Parsing) (g0 425 —otill) (wlidly b 28l

OmbaV¥haipao
.)J)b&w).)i&g_)6(@%&5})&))6%&5)).&.’9398lg&g).& °
Mlu)lf)lwuwbw)J)oM)uJyw))w'u&o o

Yhds Gy O
siiad Y5 jle (63909 do> L &S oS )5 3dgi 9 OLdS jl g9 b @
w5 Ao ) L 23D dudgi S s Gl ()Sees @
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(Parsing) (g6 4306 — by wlid b b L] N F Fa
...ggﬂggﬁT —e

(Structural Ambiguity) s ,Galw algsl ©

23 086 Sl i 4 3lg5 0 j=> SS ((Attachment Ambiguity) Slall plesl @
9 Blall 4y S

(prepositional-phrase) asbal w9 a wilylc )3 0539 & ©

(P39 2 sSuwls L 3 po K o i 5wl8) I saw the man with the telescope Juwe o
I [saw [the man [with the telescope]]]
(G s5sli b ol yad (53 1) 23 K« man « with the telescope :Jelé 4 3Ll
I [saw the man with the telescope]

(G sSsli i 5 45 3 ye G s33) 23 S« saw 4 with the telescope :Jzé 43 Glall
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old men and women Jl» o
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| WANT TO BE TWE GUITARIST
FOR 16GY AND THE STCOGES
LIKE MY DAD.

o
¥

YOUR DAD 1S 166Y POP'S
GUITARIST ?

§
|
%
B
3

NO. WE
WANTS T0 BE.

VP > V NP
VP = VP PP

NP = Papa
N = caviar
N = spoon

P = with
Det = the

S—=> NP VP
NP > Det N

NP > NP PP e /S\
PP > P NP NP VP I /\
Papa VP PP | N
AN N ate NP PP
V = spoon Vv NP P NP /\ P
|l N | -\ Det N P NP
ate Det N withDet N | | AN
| | [ the caviar withDet N
the caviar a_spoon ! 1
a_spoon
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a  ight from Indianapolis to Houston on TWA
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om NP

Det Noun Prep Prop-Noun
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(Recognition) e i/ i iy als , g1 O

function CKY-Parse (words, grammar) returns table

| | 039331 : ol b3 93,5 5
for j — 1 to length(words) do: (loop over columns) LIS (Son Sz 2 dod

table[j-1,j] — {A|A — words[j] € grammar} (add POS)
for i — j-2 downto 0 do: (loop over rows, backwards)
for k — i+1 to j-1 do: (loop over contents of cell)
tableli,j] < table[i,j] U
{AJA — B C < grammar,
B € table[i k|

C € tablelk,j] }
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the chef eats fish with the chopsticks :de> *
0 the 1 chef 2 eats 3 fish 4 with 5 the 6 chopsticks 7 o

S— NP VBZ
S— NP VP
VP — VP PP
VP — VBZ NP
VP — VBZ PP
VP — VBZ NNS
VP — VBZ VP
VP — VBP NP
VP — VBP PP
NP — DT NN
NP — DT NNS
PP — IN NP

DT — the
NN — chef
NNS — fish

sl )3 e

NNS — chopsticks

VBP — fish
VB/ — eats
IN — with
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

table[i j] — table[i,j] U
{A|JA — B C < grammar,

B € table[i k]

C € tablelk,j] }

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

the
0 DT [0,1]

w

ot

S — NP VBZ DT — the
S — NP VP NN — chef
VP — VP PP NNS — fish
VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
VP — VBZ VP IN — with
VP — VBP NP
VP — VBP PP
NP — DT NN
NP — DT NNS
PP — IN NP
2 3 4

chef

[1,2]

eats fish

[2,3]
[3,4]

a9l (51 ol ©
cwl DT ng,bthews i
1=-1.J=1 o

5 6 7
with the chopsticks

[4,5]
[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)
S— NP VBZ DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks

1,850 ¢l
(AIA — B C < grammar, |VP— VBZPP  VBP— fis e-\-\J‘SS-‘ (5 JA O
VP — VBZ NNS VBZ — eats had .

VP — VBZ VP IN — with

B & table[i k] ﬁjggg gPP Cawl NN w)) 6')') Chef 4-0-15 L

table[i j] — table[i,j] U

0 1 2 3 4 5 6 7
the chef eats fish with the chopsticks

0 DT [0,1]
1 NN [1,2]
2 [2,3]
3 [3,4]
4 [4,5]
5 [5,6]
6 [6,7]
7
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function CKY-Parse (words, grammar) returns table . .

for j — 1 to length(words) do: (loop over columns) (ParSIHg) d”d 45’05’06 _Lf"w‘i‘) waal':j l{ Lfo’ow‘i +

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

Py NA LA
for i — j-2 downto 0 do: (loop over rows, backwards) éu % Seane® s
e @ @ :

for k < i+1 to j-1 do: (loop over contents of cell)
S— NP VBZ DT — the
S — NP VP NN — chef

tableli,j] — table[i,j] U VP VPPP  NNS — fish

VP — VBZ NP NNS — chopsticks * Z | ‘ | O
{A|JA— B C e grammar, | |VP— VBZPP  VBP — fish e.\.\ J ¢S J'.;
VP — VBZ NNS  VBZ — eats d
5 ble[i K] VP — VBZ VP IN — with
€ table]l, VP — VBP NP o, h f
VP — VBP PP |5L-9, OlodS lfC e VN ¢

C < table[k,il ! [P — DT NN _

il k=1 51=0 J=2 o

0 1 2 3 4 5 6 7
the chef eats fish with the chopsticks

° DL TR 10.2] yol,5 5NP=DT NN 3525
1 NN [1,2] [0,2]: [0,1], [1,2]
2 [2,3]
3 [3,4]
4 [4,5]
5 [5,6]
6 [6,7]
7
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

S—NPVBZ DT — the
. . S— NP VP NN — chef
table[i j] — table[i,j] U VP — VP PP NS ;fﬁsh
VP — VBZ NP NNS — chopsticks
{AIA — B C € grammar, |VP—VBZPP  VBP — fish
VP — VBZ NNS _VBZ — eats
] VP — VBZ VP "IN — with
B € table[i k] VP — VBP NP
VP — VBP PP
. NP — DT NN
C ¢ table[k,j] } NP — DT NNS
PP — IN NP
0 1 2 3
the chef eats
0 DT [0,1]] NP [0,2]
1 NN [1,2]

aday ol gl 2l O
Cwwl VBZ iz o 1> eats 4ols o
J=3 o

2 VBZ [2,3]

w

ot

4 5 6 7
fish with the chopsticks
[3,4]
[4,5]

[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

for j — 1 to length(words) do: (loop over columns)

(Parsing) (g6 4306 — by wlid b b L] N

\\\\\

table[i j] — table[i,j] U
{AJA — B C € grammar,
B € table[i k]

C c tablelk.il }

S — NP VBZ

w

ot

the
DT [0,1]

DT — the

S — NP VP NN — chef
VP — VP PP NNS — fish
VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
VP — VBZ VP IN — with
VP — VBP NP
VP — VBP PP
NP — DT NN
NP — DT NNS
PP — IN NP
2 3
chef eats

NP [0,2]— S [0,3]

NN [1,2]

VBZ [2,3]

e & O é“ SCKY %ﬁ T \*WV:‘

M oblsLeats qwypo ©
k=2:2 51=1:0 J=3 o

4 5 6 7
fish with the chopsticks

ol,S 35S NP VBZ 3525

[0,3]: [0,2], [2,3]

[3,4]

[4,5]
[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

table[i j] — table[i,j] U
{AJA — B C € grammar,
B € table[i k]

C € tablelk,j] }

(Parsing) (g6 4306 — by wlid b b L] N

the
0 DT [0,1]

w

ot

S — NP VBZ DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish

VP — VBZ NNS VBZ — eats

VP — VBZ VP IN — with

VP — VBP NP

VP — VBP PP

NP — DT NN

NP — DT NNS

PP — IN NP

2 3
chef eats

NP[0,2] S[0,3]
NN [1,2]

.. Jle CKY wiad | ™

\\\\\

\\\\\

J=4 o

VBZ [2,3]

4 5 6 7
fish with the chopsticks
NNS [3,4]
[4,5]
[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

table[i j] — table[i,j] U
{AJA — B C € grammar,
B € table[i k]
C ¢ table[k,j] }
0 1
the
0 DT [0,1]
1
2

<N O Ot W

S — NP VBZ DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish

VP — VBZ NNS VBZ — eats

VP — VBZ VP IN — with

VP — VBP NP

VP — VBP PP

NP — DT NN

NP — DT NNS

PP — IN NP

2 3
chef eats

NP[0,2] S[0,3]
NN [1,2]

VBZ [2,3]

.

... Jke CKY « 30 A

\\\\\

Ay 9811 (51l ©
J=4 o

4 5 6 7
fish with the chopsticks
NNS, VBP
[3,4]
[4,5]
[5,6]

[6,7]
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function CKY-Parse (words, grammar) returns table . .

for j — 1 to length(words) do: (loop over columns) (ParSIHg) d”d 4!’.5’.6 _Lf"w‘fj) u“wdlﬁ 1é (_f.’.w‘i +

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

s ‘ 2 ¥4 ;"
for i — j-2 downto 0 do: (loop over rows, backwards) é“ % Seane® s
e 0 0o e

for k < i+1 to j-1 do: (loop over contents of cell)
S— NP VBZ DT — the
S — NP VP NN — chef
VP — VP PP NNS — fish
VP — VBZ NP NNS — chopsticks *» P~ | ‘ | O
{AJA — B C e grammar, | |VP—VvBZ PP vBP — fish e—‘-‘J (5 P
VP — VBZ NNS VBZ — eats . ~
B tabl [ k] VP — VBZ VP IN — with .
€ table]l, VP — VBP NP o . f h o
VP — VBP PP |5L-9, Olds lf 1S VN

C < table[k,il ! NP — DT NN

table[i j] — table[i,j] U

e o7 s k=3 5i=2:0 J=4 o

0 1 2 3 4 5 6 7
the chef eats fish with the chopsticks
0 DT [0,1] NP [0,2] S [0,3]
1 NN [1,2]

2 VBZ [2,3] VP [2,4]
NNS, VBP
ol 5 ,5VP=VBZ NNS 3529 [3,4]
(2,4]: [2,3], [3,4] [4,5]

[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)
for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

S — NP VBZ DT — the
. 5 — NN — chef
tableli,j] — table[i,j] U e s e
VP — VBZ NP NNS — chopsticks
{AJA — B C e grammar, | | VP — VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
) VP — VBZ VP IN — with
B € table[i k] VP — VBP NP
VP — VBP PP
. NP — DT NN
C c tablelk.il } NP — DT NNS
PP — IN NP
0 1 2 3
the chef eats
0 DT[0,1] NP[0,2] S][0,3]
1 NN [1,2]
2 VBZ [2,3]
3
4
5
6
7

4
fish

S [0,4]

VP [2,4]

NNS, VBP

[3,4]

... Jke CKY « 30 &

\\\\\

\\\\\

als y o3l 51yl ©
b Ol Lish gw)m @

k=2 51=2:0 J=4 o
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

table[i j] — table[i,j] U

{AJA — B C € grammar,
B € table[i k]

C € tablelk,j] }

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g6 4306 — by wlid b b L] N

\\\\\
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<N O Ot W
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DT — the

\\\\\
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P Tl IN ey sl With 4ids e
J=5 o
2 3 4 5 6 7
chef eats fish with the chopsticks

NP [0,2] S [0,3] S [0,4]
NN [1,2]

VBZ [2,3] VP [2,4]

NNS, VBP
[3,4]
IN [4,5]
[5,6]
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function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g6 4306 — by wlid b b L] N

\\\\\

table[i j] — table[i,j] U

{AJA — B C € grammar,

B € table[i k]

C c tablelk.il }

S — NP VBZ

<N O Ot W

the
DT [0,1]

DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish

VP — VBZ NNS VBZ — eats

VP — VBZ VP IN — with

VP — VBP NP

VP — VBP PP

NP — DT NN

NP — DT NNS

PP — IN NP

2 3
chef eats

NP[0,2] S[0,3]
NN [1,2]

VBZ [2,3]

e & O é“ SCKY %ﬁ T \*WV:‘

aday o3l gl al ©
8 Olds Lwith gwjyp @
1=3:0 J=5 o

4 5 6 7
fish with the chopsticks
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NNS, VBP
[3,4]
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[5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

table[i j] — table[i,j] U

{AJA — B C € grammar,
B € table[i k]

C € tablelk,j] }

for k < i+1 to j-1 do: (loop over contents of cell)
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(Parsing) (g6 4306 — by wlid b b L] N

e & O é& QCKY %ﬁ T \*“V:‘
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<N O Ot W

the
DT [0,1]

NP — DT NNS
PP — IN NP
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NN — chef
NNS — fish
NNS — chopsticks

vor i adsy 3l sl yal ©
o Cawl DT o 2 bl the 4s o
J=6 o

2
chef

NP [0,2]
NN [1,2]

3 4 5 6 7
eats fish with the chopsticks

S 10,3] S [0,4]

VBZ [2,3] VP [2,4]

NNS, VBP
[3,4]

IN [4,5]
DT [5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g6 4306 — by wlid b b L] N

\\\\\

table[i j] — table[i,j] U

{AJA — B C € grammar,

B € table[i k]

C c tablelk.il }

S — NP VBZ

<N O Ot W

the
DT [0,1]

DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish

VP — VBZ NNS VBZ — eats

VP — VBZ VP IN — with

VP — VBP NP

VP — VBP PP

NP — DT NN

NP — DT NNS

PP — IN NP

2 3
chef eats

NP[0,2] S[0,3]
NN [1,2]

VBZ [2,3]

e & O é“ SCKY %ﬁ T \*WV:‘

S Olds Lthe gwyo °
1=4:0 J=6 o

4 5 6 7
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S [0,4]
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NNS, VBP
[3,4]

IN [4,5]
DT [5,6]
[6,7]
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

table[i j] — table[i,j] U

{AJA — B C € grammar,
B € table[i k]

C € tablelk,j] }

for k < i+1 to j-1 do: (loop over contents of cell)
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(Parsing) (g6 4306 — by wlid b b L] N

e & O é& QCKY %ﬁ T \*“V:‘

S — NP VBZ

S — NP VP

VP — VP PP
VP — VBZ NP
VP — VBZ PP
VP — VBZ NNS
VP — VBZ VP
VP — VBP NP
VP — VBP PP
NP — DT NN

<N O Ot W

the
DT [0,1]

NP — DT NNS
PP — IN NP

DT — the

NN — chef

NNS — fish

NNS — chopsticks

m &Jﬂ'&‘ﬁ‘o

IN — with

NNS cuuz 0 sbls chopsticks 4ols @
J=7 o

2
chef

NP [0,2]
NN [1,2]

3 4 5 6 7
eats fish with the chopsticks

S 10,3] S [0,4]

VBZ [2,3] VP [2,4]

NNS, VBP
[3,4]

IN [4,5]
DT [5,6]
NNS [6,7]
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function CKY-Parse (words, grammar) returns table . .

for j — 1 to length(words) do: (loop over columns) (ParSIHg) d”d 45’05’06 _U"w‘i‘) uwwal':j l{ Lfo’ow‘i +

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

s \ 2 ¥4 ;"
for i — j-2 downto 0 do: (loop over rows, backwards) éu % Seane® s
e @ @ 3

for k < i+1 to j-1 do: (loop over contents of cell)
S— NP VBZ DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks * Z | ‘ ‘ O
{AJA — B C e grammar, | |VP—VvBZ PP vBP — fish e-\-‘J (5 P

VP — VBZ NNS VBZ — eats . ~
VP — VBZ VP IN — with

B & table[i k] VP~ VBP NP Lé olods' L ChOpStiCkS swIr °

table[i j] — table[i,j] U

C ¢ tablelk,il } % k=69i=5:0(5) J=7 o
0 1 2 3 4 5 6 7
the chef eats fish with the chopsticks
0 DT [0,1] NP [0,2] S [0,3] S [0,4]
1 NN [1,2]
2 VBZ [2,3] VP [2,4]
3 NNS, VBP
[3,4]

4 IN [4,5]
5 DT [5,6] NP [5,7]
6 NNS [6,7]
7
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function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

table[i j] — table[i,j] U

{A|JA — B C < grammar,

B € table[i k]

C c tablelk.il }

<N O Ot W

the
DT [0,1]

S — NP VBZ DT — the
S — NP VP NN — chef
VP — VP PP NNS — fish
VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
VP — VBZ VP IN — with
VP — VBP NP
VP — VBP PP
NP — DT NN
NP — DT NNS
PP — IN NP
2 3
chef eats
NP [0,2] S [0,3]
NN [1,2]
VBZ [2,3]

4
fish

S [0,4]

VP [2,4]

NNS, VBP

[3,4]

a
. 3
s 2
o s
§ N\ )
ORI A K

CKY s
e @ O :

5
with

IN [4,5]

6
the

DT [5,6]
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k=4 5i=4 J=7 o
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chopsticks

PP [4,7]
NP [5,7]
NNS [6,7]




function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

S—NPVBZ DT — the
= = S— NP VP NN — chef
tableli,j] — table[i,j] U VP VPPP  NNS — fish
VP — VBZ NP NNS — chopsticks
{AJA — B C & grammar, | |VP— VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
_ VP — VBZ VP IN — with
B € table[i k] VP — VBP NP
VP — VBP PP
. NP — DT NN
C e tablelk il } NP — DT NNS
PP — IN NP
0 2 3
the chef eats
0 DT[0,1]] NP[0,2] S[0,3]
1 NN [1,2]
2 VBZ [2,3]
3
4
5
6
7

4
fish

S [0,4]

VP [2,4]

NNS, VBP

[3,4]
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5
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6
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DT [5,6]
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NP [5,7]
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function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

table[i j] — table[i,j] U
{AJA — B C € grammar,
B € table[i k]

C c tablelk.il }

<N O Ot W

the
DT [0,1]

S — NP VBZ DT — the

S — NP VP NN — chef

VP — VP PP NNS — fish

VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish

VP — VBZ NNS VBZ — eats

VP — VBZ VP IN — with
VP — VBP NP

VP — VBP PP

NP — DT NN

NP — DT NNS

PP — IN NP

2 3
chef eats
NP[0,2] S[0,3]
NN [1,2]
VBZ [2,3]

e."f'.' .*:"_'. -
0 CKY il
v S 'R B

4
fish

S [0,4]

VP [2,4]

NNS, VBP

[3,4]
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5 6 7
with the chopsticks
VP [2,7]
VP [3,7]
IN [4,5] PP [4,7]
DT [5,6] NP [5,7]
NNS [6,7]




function CKY-Parse (words, grammar) returns table

table[j-1,j] — {A|A — words[j| € grammar} (add POS)

for i — j-2 downto 0 do: (loop over rows, backwards)

for j — 1 to length(words) do: (loop over columns)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

t.l S
o S
& o
o o
. ™ 7 e
xR z
: s
N Nond) (577 &
& . T
=*eae® P
e o o e

S — NP VBZ DT — the
tablei j] — tableli,j] U Ve e e | ) B
WA~ 8 Ccgommar | - iee oo piay o3l gl ©
> = bl v 8 ©lds L chopsticks qwy o °
C c tablelk,il } NP b
il k=4 51=2 J=T7 o
0 2 3 1 5 6 7
the chef eats fish with the chopsticks
0 DT [0,1] NP [0,2] S [0,3] S [0,4]
1 NN [1,2]
2 VBZ [2,3] VP [2,4] VP[12, %P2
NNS, VBP
3 [3.4] VP [3,7]
4 IN [4,5] PP [4,7]
5 DT [5,6] NP [5,7]
6 NNS [6,7]
7
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)

table[j-1,j] — {A|A — words[j| € grammar} (add POS)
for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

.

e CKY asai | o

\\\\\

\\\\\

S— NP VBZ DT — the
table[i ] — table[ij] U R e e | ) B
WA~ 8 Ccgommar | - iee oo piay o3l gl ©
> = bl v 8 ©lds L chopsticks qwy o °
C € tablelkil } NP — DT NN
WP — o s k=2 5i=0 J=7 o
0 1 2 3 4 5 6 7
the chef eats fish with the chopsticks
0 DT [0,1] NP[0,2] S[0,3] S [0,4] S [0,7]
1 NN [1,2]
2 VBZ[2,3] VP [2.4] VP[lz’ %Pz
NNS, VBP
3 (3.4] VP [3,7]
4 IN [4,5] PP [4,7]
5 DT [5,6] NP [5,7]
6 NNS [6,7]
7
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function CKY-Parse (words, grammar) returns table

for j — 1 to length(words) do: (loop over columns)
table[j-1,j] — {A|A — words[j| € grammar} (add POS)
for i — j-2 downto 0 do: (loop over rows, backwards)

for k < i+1 to j-1 do: (loop over contents of cell)

(Parsing) (g0 425 —otill) (wlidly b 28l

\\\\\

table[i j] — table[i,j] U
{AJA — B C € grammar,
B € table[i k]

C c tablelk.il }

the
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S — NP VBZ DT — the
S — NP VP NN — chef
VP — VP PP NNS — fish
VP — VBZ NP NNS — chopsticks
VP — VBZ PP VBP — fish
VP — VBZ NNS VBZ — eats
VP — VBZ VP IN — with
VP — VBP NP
VP — VBP PP
NP — DT NN
NP — DT NNS
PP — IN NP
2 3
chef eats
NP[0,2] S [0,3]
NN [1,2]
VBZ [2,3]

Colle [0,7] 234 o

3153929 S

4
fish

S [0,4]
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1 2 3 4
the chef eats fish
0 the the chef the chef the chef
(NP) eats eats fish
1 chef chef eats chef S
fish
2 eats eats fish
3 fish
4 e Sledbl 45 o 1S5
SrSoke g (b CSy0 ) don)
5 0,L93 duwlxs |
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with

the chef eats
fish with

chef eats fish
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fish with

with

chopsticks
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the chef eats fish
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with the
chopsticks

eats fish with
the chopsticks
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fish with the
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function CKY-Parse (words, grammar) returns parses
for j — 1 to length(words) do: (loop over columns)
table[j-1,j] < for all {A|A — words[j| € grammar} (add all POS)
for i — j-2 downto 0 do: (loop over rows, backwards)
for k — i+1 to j-1 do: (loop over contents of cell)

for all {A|A — B C}: (all productions)

L S yd Olelbl

back[i,j,A] — { k,B,C } (add back pointer)

return buildtree(back[1, length(words,S]), table[1,LENGTH(words),S]
(follow back pointer)
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» x indicates the position in input where the state begins
» y indicates position of dot
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» VP is completed
» no further predictions from this rule

» a successful parse that spans the entire input
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are found
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procedure PREDICTOR((A — « e B 3, [i.]]))
for each (B — ~)in GRAMMAR-RULES-FOR(B, grammar)
do
ENQUEUE((B — o7, [j.j]), chart[]])
end
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procedure SCANNER((A — a e B 3. [i.j]))
if B € PARTS-OF-SPEECH(word[j]) then
ENQUEUE((B — word[j] e, [j,j + 1]), chart[j+1])
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procedure COMPLETER((B — v e, [j,k]))
for each (A — « e B 3, [i.j]) in chart|j] do
ENQUEUE((A — « B e 3. [i.k]), chart[k])
end
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function EARLEY-PARSE(words, grammar) returns chart Earley %tﬁ T e

ADDTOCHART((y — e S, [0,0]), chart[0])
for i— from 0 to LENGTH(words) do - =
for each srate in chart[i] do Hst" ) O
if INCOMPLETE ?(state) and
NEXT-CAT(state) is not a part of speech then
PREDICTOR(state)
elseif INCOMPLETE?(state) and
NEXT-CAT(state) is a part of speech then

SCANNER(state) procedure PREDICTOR((A — o o B B. [i. j])
else for each (B — y)in GRAMMAR-RULES-FOR(B, grammar) do
COMPLETER(stare) ADDTOCHART((B — e v, [/, j]), chart[j])

end end
end procedure SCANNER((A — a B, [i,j])
return( ch art) if B € PARTS-OF-SPEECH(word/[j]) then
ADDTOCHART((B — word[j] e, [j.j+ 1]).chart[j+1])

procedure COMPLETER((B — y e, [j,k])
for each (A — a e B, [i,]]) in chart[j] do
ADDTOCHART((A — a Be f3, [i,k]).chart[k])
end

procedure ADDTOCHART(state, chart-entry)
if state is not already in chart-entry then
PUSH-ON-END(state, chart-entry)
end
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o Mary 1 feeds 2 the 3 otter 4eos 5 Predict

1

procedure PREDICTOR((A — « e B 3, [i.j]))
for each (B — ~)in GRAMMAR-RULES-FOR(B, grammar)

3
do
I--I ENQUEUE((B o [!,J])’Chan‘:[]])
end
l 5
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procedure SCANNER((A — «a e B 3, [i.]]))
if B € PARTS-OF-SPEECT(word[j]) then
ENQUEUE((B — word[j] e. [j.j + 1]), chart[j+1])
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procedure COMPLETER((B — v e, [J.k]))
for each (A — «a e B 3, [i,j]) in chart[[] do

ENQUEUE((A — « B e 3. [i.k]), chart[k])
end
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Chart|[0] o
SO Yy — o8 [0,0] Dummy start state
S1 S — e«NPVP [0,0] Predictor
S2 S — e Aux NP VP [0,0] Predictor
S3 S — o VP [0,0] Predictor
S4 NP — e Pronoun [0,0] Predictor
S5 NP — e Proper-Noun [0,0] Predictor
S6 NP — e Det Nominal [0,0] Predictor
S7 VP — e Verb [0,0] Predictor
S8 VP — e Verb NP [0,0] Predictor
S9 VP — e Verb NP PP [0,0] Predictor
S10 VP — e Verb PP [0,0] Predictor
S11 VP — e VP PP [0,0] Predictor
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Chart[1]
[0,1] Scanner
[0,1] Completer
[0,1] Completer
10,1] Completer
10,1] Completer
[0,1] Completer
10,1] Completer
[1.1] Predictor
[1,1] Predictor
[1,1] Predictor
[1,1] Predictor

Hadi Veisi (h.veisi@ut.ac.ir)



(Parsing) (956 4556 — by wlid b b L] N

¥ Jow larley & j

Chart[3] 4 Chart[2]

S23 Det — that e [1.2] Scanner
S§24 NP — Det e Nominal [1.2] Completer
S25 Nominal — e Noun [2,2] Predictor
S26 Nominal — e Nominal Noun [2,2] Predictor
S27 Nominal — e Nominal PP [2,2] Predictor
S28 Noun — flight e [2,3] Scanner
S29 Nominal — Noun e [2.3] Completer
S30 NP — Det Nominal e [1,3] Completer
S31 Nominal — Nominal ¢ Noun [2,3] Completer
S32 Nominal — Nominal e PP [2,3] Completer
S33 VP — Verb NP e [0,3] Completer
S34 VP — Verb NP ¢« PP [0,3] Completer
S35 PP — e Prep NP [3.3] Predictor
S36 S — VPoe [0,3] Completer
S37 VP — VP e PP [0,3] Completer
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