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fJ¥E (Syntax)

FIEIIE TR ) S AL R U AT AR
AN SR TRIGMAE R, 58 XK
— G RPER A TR BEAETE ST FR AN S ]
f#]: Colorless green ideas sleep furiously.
PN T SCRA TR B 5] 5 AT BEA AN [F) B TR 4

f5: A dog is chasing a cat 5 A cat is being chased by a dog.
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O SOPREE S 250 A VAP

O AR R AR NS

S: AT /S\
NP: 4] 41 \P VP
VP z‘:jjiﬁl’ﬁéi%/\ N
VBG NP VBZ 7]
77 NNS
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Learning probabilistic grammars is hard



WRAFRIVEN

O BEARIAAR A B 2 [A] 1) — 2% ZuiAF R &
A7 R R TTREAH B2

Bl — AL T BiE A A4 ] I AT HER “Subject” FR%E

Learning probabilistic grammars is hard



FNERIT 5

0O Bir: A—A)F R A EM IR > — MR 21
O N4 2 R
0 kX

oA TR AR A
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B X

Astronomers saw stars with ears

4

S 1.0 S 1.0

/\ /\
NP 0.1 VP 0.7 NP 0.1 VP 0.3
T T T T
astronomers V 1.0 NP 0.4 astron‘omers VP 0.7 PP 1.0
saw NP 0.18 PP 1.0 L.LOO NP 0.18 P 1.0 NP 0.18
| T
stars P 1.0 NP 0.18 S‘aW S‘tars W‘j th e‘ars

| |

with ears 6
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O Hir: N— AT M ENER IR T — R el 2
O A4 2 R
WIS TR
o U ERENEW I LA E )
LR T MRS
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MIERLEE 22 S R)IR S as

O f Wik

o FRENINZRERH R FARERVERT R
O &Ik CaEag)

o TEARIFEINZRIE R TGN H A7k o s

IERET S 340 A7 52




A3 FIE S BTV R AR

O F5
_ RRES M AR A5 R TR R I Ry B R
C ANE T R B R B

AR s A R IR B R B
B L KA B H=
O #ricfs5E (labeled precision) H#nic 4[|l (labeled recall)
PITHE A, FFIEZRSS S ERIARIE IE R A e N IR
O FLERSE 5 A BB 32)

2
- ( + )
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A3 IR 53 BT I PR

R

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

O A)yk s Hras g R

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

O P FRPR T 5
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51

(Constituency)

4> (Constituent)

O AR RIRE/E NS T (unit) B9—4H HiH]
« f: The fox jumps over the dog

O BT DL RN
© NHEPLE )))
- HiESdHAN (UMD RITHIR AR

O . AiREiESE
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B3

EEAnFATTAT AT T T ) B el e 5 SCH I 44 18] R 1

The Great Wall A great team such as Prof. Tu’ s

Oriental Pearl TV Tower The time the cat jump into the room

o mm mm

them Two students from Nanjing

o o S D R S e M RSN RSN BN BN BN SEE MmN MmN MEE MEE GEE G BN MmN MmN MEE MmN MEE SEE G SN MmN SEE MEE MEE MEE SEE S S SEE SEe MEm MEm MEm S S e e e e e

O A AEAS R AR AL

-« fne WREE + BIE + i+ BIE
0 54N E TR R A

- i HRREE AR SR 2 R
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¥E (Grammar) FOEES

O ARy, X n] LN &

FTF T (CFGs) I e {2 b wde

O N 44: Jib454) w7 (Phrase structure grammars)
O i & A s ALt S OE e —
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£ RIGE

ANER 5T
O ZWFF (terminal) 24 =
TN A

0 dEZNFF (nonterminal) £E4 N
™ fiE

YA

O BI5FF (start symbol) S € N (—Fra ZeHI3EZ& L)

0O P24 (production rule) & F
o B — AN AE AR AR Rl — B LR R AR R 2l A3 1 7 20
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f—_——— - - - - - - - - - - - - - - - - - - - - —_ —_ —_ —_ —_ —_ —_ —_—_——_——_——_——_——_——————————

/// \\\
A i
! |
i S — NP VP [ + want a morning flight |
| |
i NP — Pronoun I |
| Proper—Noun Los Angeles |
| Det Nominal a + flight |
| Nominal — Nominal Noun morning + flight |
| Noun flights |
| |
| |
| VP — Verb do |
| | Verb NP want + a flight |
l | Verb NP PP leave + Boston + in the morning
{ | Vert PP leaving + on Thursday |
! /
\ /
\\\\ PP —  Preposition NP from + Los Angeles ///

16



 —— s — o — —

Noun —
Verb —

Adjective —

Pronoun —

Proper—Noun —

Determiner —
Preposition —

Conjunction —

_——————-——_-- - - - - - - - - —  ———_——_————————

flights | breeze | trip |

morning

is | prefer | like | need
want | fly

cheapest | non-stop | first
latest

| other | direct

me | I | you | it

Alaska | PBaltimore | Los Angeles

| Chicago | United | American

the | a | an | this | these |

that /

—~— e — — — — — — — — — — — — — — — — — — — — —

S — e

from | to | on | near .

and | or | but M



5 A 1k

O A DM SOV HEAT B 41 A i
© NABEFERWTS WFHITE
o A % RO B S A
= | LR AR IR 28 e N Cl

O iZ A RRE H T XN AN RIEESEM (R0 (parse tree) )
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S — NP VP

S — Aux NP VP

S — VP

NP — Pronoun

NP — Proper—Noun

NP — Det Nominal

NP — Nominal

Nominal — Noun

Nominal — Nominal Noun
Nominal — Nominal PP

VP — Verb

VP — Verb NP

VP — Verb NP PP

VP — Verb PP

VP — Verb NP NP

VP — VP PP

PP — Preposition NP

S
I
VP
/\
Verb NP
/\
BbLk Det Nominal
/\
tLe Nominal Noun
Noln fYLght
aﬁn;er
Book the dinner flight
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A)¥E45r#r (Sentence Parsing)

PLF 5 B RSOV R NN it A% 507 50 1) — el AR R
IR ICIEFZIC SR L ANERN, W T AT 8 AN 8 T2 ORI &
LRPS
CYK

Earley
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MR W VE (Probabilistic Grammars)

X4 (stochastic grammars)
NG — R
- C=1)

FTRR A H BRSO e B A R D R S AR
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B X

00 20— AR B AN GV F A I, 36 2 A B S
- BIIXA)IE AT REH 2 Pl RE
0 i

* Astronomers saw stars with ears.
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ZN !

S — NP VP

PP — P NP

VP — V NP

VP — VP PP

P — with

V — saw

NP NP PP

NP astronomers
NP ears

NP saw

NP stars

NP telescopes

AR

= o O O W g O O

—_ O =
0 W~ 0

}—L

tl: S
NP VP
astronomers V NP
saw NP PP
' /\
stars P NP
| \
with ears

(1)="7
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ZN !

S — NP VP
PP — P NP
VP — V NP
VP — VP PP
P — with
V — saw

NP
NP
NP
NP
NP
NP

AR

NP PP
astronomers
ears

saw

stars
telescopes

= o O O W g O O

—_ O =
0 W~ 0

}—L

tl: S 1.0

/\

NP 0.1 VP 0.7

| T

astronomers V 1.0 NP 0.4

| T

saw NP 0.18 PP 1.0

| T T

stars P10 NP 0.18

| |

with ears

(1)=10x01x07x10x04x0.18
x 1.0 x 1.0 x 0.18 = 0.0009072
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ZN !

S — NP VP
PP — P NP
VP — V NP
VP — VP PP
P — with
V — saw

NP
NP
NP
NP
NP
NP

AR

NP PP
astronomers
ears

saw

stars
telescopes

t2: S
0 ////////\\\\\\\\\\\
0 NP VP
3 astronomers VP PP
0
0 /\ /\
4 v NP p NP
I | ]
18 saw stars with ears
04
18

}—L

(2)="7
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ZN !

S — NP VP
PP — P NP
VP — V NP
VP — VP PP
P — with
V — saw

NP
NP
NP
NP
NP
NP

AR

NP PP
astronomers
ears

saw

stars
telescopes

= o O O W g O O

—_ O =
0 W~ 0

}—L

t2: S 1.0
NP 0.1 VP 0.3
astronomers 7 PP 1.0

VP 0.
/\ /\
1.0 NP 0.18 P 1.0 NP 0.18

\ o

saw stars with ears

(2)=10x01x03x07x10x0.18
x1.0x1.0x 1.0 x 0.18 =0.0006804
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ZN !

S — NP VP [. 80] S

S — Aux NP VP (. 15] |

S — VP [. 05] VP

NP — Pronoun [. 35] o

NP — Proper—Noun [. 30]

NP — Det Nominal 20] ‘P W

NP — Nominal . 15] | T

Nominal — Noun [. 75] Book Det Nominal

Nominal — Nominal Noun [.20] \ T
Nominal — Nominal PP [. 05] the Nominal Noun
VP — Verb [. 35] | \
VP — Verb NP [. 20] Noun flight
VP — Verb NP PP [. 10] |

VP — Verb PP [ 15] dinner

VP — Verb NP NP [. 05]

VP — VP PP [. 15]

PP — Preposition N> [1.0]  Book the dinner flight

A(T) =.05x.20 x .20 x .20 x .75 x .30 x .60 x
10 x.40=2.2%10-°%
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LT

O A BN I RGERN AL AT (Parsing) ZFEXH A FAT I T
EFRIA)VER (Parse Trees) HIES.

S
|
VP
/\
Verb NP
Book the dinner > ‘ ] /\N 1
rlight Book - omna
, Nominal Noun
the ‘
Noun flight

|
HETZ, WEEENT, FiE dinner
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LT

O MO ERAT & 5N 747 £ 1 A)TAR

RS

O 5 NI AR X IEE R R 2480 (Catalan Number)
-1

O AR IR AR EUE K
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O XN B a) @ ) e\ DAAE fige e 52 R 1 ) L) &2

FNET T HIT 1A

OXHALE A ZEE 555 R AT Ak ot

A
T
PN T
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Cocke—Kasami—Younger (CKY, XF®RCYK) HiE

O —Fr A ERBhA ) Sk
0 M AT HCNF (Chomsky Normal Form, FR@BbHRZETEzl) F*
AR BT a3k |
CNF
O AN A MR 24 N (Production Rules)

-

-

Noam Chomsky
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TrAR] X5 SCVEAS FHONF 3R 7 175 40, 2

O ARRH BN 3R SGEY W] H 3l B S NCNFE 3

o AL JE WSO Z AT R SCER T AR R B 547 5 2 5 75 1%
SCVR B e — 20

o AR RIER AT BT X 8 (= XOR)

32



CFG#54L.CNF

0BRGP A
I L
0 SR BN A A R R R K P KT 20 % T 7
2 A
- e S Ny - 5 S
T AE SRR AR H L BT R JE 22 45 15
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P2 4Y.CNF

—
—
-
N —
—
—
—
—
-
—
—
e
i

S - NPVP

S5 X1VP

X1 - Aux VP

S - book | include | prefer
S - Verb NP

S - X2PP

S -~ Verb PP

S - VPPP

NP - I|she| me

NP - TWA | Houston

NP - Det Nominal
Nominal - book | flight | 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
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CKYSH LB
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Det
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NP
N

Det
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~ e e e e e e e e e e e e e e e e e = —
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Det

NP
N

Det

IIIIIIIIIIIIIIIIIIIIIII

~ e e e e e e e e e e e e e e e e e = —

44



CKYSH LB

8
.MW
iy
<
ﬁ

~
N
O
S
AN
3
aS
S
~
Q
S
7_
~
=
Qp
—
N
QO
N

e e e e e

@ o
Lo — = =
+
)
<A M
(ap] -
¥
N = =
+
)
— A
o — N (2] <t

IIIIIIIIIIIIIIIIIIIIIII

~ e e e e e e e e e e e e e e e e e = —

45



CKYSH LB

8
kk,._w
iy
<
ﬁ

~
N
O
S
©
3
S
S
~
Q
IS
7_
~
=z
X
—
Ny
QO
S

e e e e e

(o (o
wn - =, =
+
o)
=
=
Ay,
= =
+
()
[
o — (a\] (2] <t
||||||||||||||||||||||| ~
1 1 T T

~ e e e e e e e e e e e e e e e e e = —

46



CKY&J¥E 7 #r

PAEAM RIS e — D ER AT s ?
O RN Ay B R —DRJEW, AR — e dRE %

O S e Er, A — IR AT ARl ORI
O R G,  (WRLEFT) 3654 5 im0 4 A1) 7 5o
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CKYSH LB

The flight includes a meal.

1 2 3 4 )

0 Det =#NP » S

1

!
s

2 V ——\P
3 Det -N}P
\ /

——————————————
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B X

Det =»NP

0

50



B X
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B X

??

NP

o
jo8)
[am)

NP

PP
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B X

NP

NP

o
jo8)
[am)

NP

N

PP
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B X

NP ==»NP

o
jo8)
[am)

NP

PP
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CE SR

BRI DT

O YPGBl PCRG, #k XS T N 544 B s KRR [0 A A

O X TR RKE R [ — 1 ], G PIRRER kL
NI, BEEAE B TR R A A

O #HIH=:
P =maxP( - ) XP  xP

/\
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CKYSH LB

The flight includes a meal.

o= 0
. [80]
. [.30]

B .

B} L05] ',
L[4 |

- L4l s
I T

. [02] 4

——————————————
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CKYSH LB

The flight includes a meal.

o 0
R [80]
. [30] |
q L20] | !
R L05] ',
S
- L4l i 3
.oy
. [02] 4

——————————————

Det
0.4
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CKYSH LB

The 1'/ight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
. [.01]
. [.02]

——————————————

o e o o o e e e e e e e e e e

1 2
Det
0.4
N
0.02
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CKYSH LB

— o mm mm mm mm mm Em Em Em mm Em Em o Em Em Em Em Em Em o my,

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
. [.01]
. [.02]

——————————————

o e o o o e e e e e e e e e e

1 2

Det NP

0.4 . 0024
N
0.02
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CKYSH LB

— o mm mm mm mm mm Em Em Em mm Em Em o Em Em Em Em Em Em o my,

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
. [.01]
. [.02]

——————————————

o e o o o e e e e e e e e e e

1 2
Det NP
0.4 . 0024
N
0. 02

.05
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CKYSH LB

— o mm mm mm mm mm Em Em Em mm Em Em o Em Em Em Em Em Em o my,

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
R [.01]
R [.02]

——————————————

o e o o o e e e e e e e e e e

Det
0.4

NP
. 0024

0. 02

.05

Det
0.4
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CKYSH LB

— o mm mm mm mm mm Em Em Em mm Em Em o Em Em Em Em Em Em o my,

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
R [.01]
R [.02]

——————————————

o e o o o e e e e e e e e e e

Det
0.4

NP
. 0024

0. 02

4 5
.05
Det
0.4
N
0.01
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CKYSH LB

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
R [.01]
R [.02]

——————————————

o e o o o e e e e e e e e e e

Det
0.4

NP
. 0024

0. 02

.05

Det
0.4

NP
0.0012

0.01
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CKYSH LB

The flight includes a meal.

——————————————

. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
. [.01]
. [.02]

——————————————

o e o o o e e e e e e e e e e

1 2 3 4
Det NP
0.4 . 0024
N
0. 02
V
.05
Det
0.4

VP

0. 00001
2

NP
0.0012

0.01
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CKYSH LB

The flight includes a meal.

X%
. [. 80]
. [. 30]
R [. 20]
. [.05]
L L4
L [4]
. [.01]
. [.02]

——————————————

o e o o o e e e e e e e e e e

1 2 3 4
Det NP
0.4 . 0024
N
0. 02
V
.05
Det
0.4

5

S

0. 00000
002304

VP
0. 00001

NP
0.0012

0.01
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B X

Det
0.4

o

0.8

0.02
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N o e e e e -

1 2
Det =» NP
0.4 . 0056
N
0.8

N

0.02
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N o e e e e -

1 2
Det NP
0. 4/ . 0048
N
0.8
N

0.02
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N o e e e e -

1 2
Det = NP
0.4 . 0056
N
0.8

N

0.02
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