
L
ast

C
lass:

P
art-of-S

p
eech

T
aggin

g

1.
H

M
M

T
agger

T
o
d
ay

:
P
arsin

g

1.
G

ram
m

ars
and

parsing

2.
T
op-dow

n
and

bottom
-up

parsing

S
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S
y
n
tax

sy
n
tax

:
from

the
G

reek
syntaxis,

m
eaning

“setting
out

together
or

arrangem
ent.”

R
efers

to
the

w
ay

w
ords

are
arranged

together.

W
hy

w
orry

about
syntax?

•
T

h
e

b
oy

a
te

th
e

fro
g
.

•
T

h
e

fro
g

w
a
s

ea
ten

b
y

th
e

b
oy.

•
T

h
e

fro
g

th
a
t

th
e

b
oy

a
te

d
ied

.

•
T

h
e

b
oy

w
h
o
m

th
e

fro
g

w
a
s

ea
ten

b
y

d
ied

.
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S
y
n
tactic

A
n
aly

sis

K
ey

ideas:

•
c
o
n
stitu

e
n
c
y
:

g
ro

u
p
s

o
f
w

o
rd

s
m

ay
b
eh

av
e

a
s

a
sin

g
le

u
n
it

o
r

p
h
ra

se

•
g
ra

m
m

a
tic

a
l
re

la
tio

n
s:

refer
to

th
e

su
b
je

c
t
,
o
b
je

c
t
,
in

d
ir

e
c
t

o
b
je

c
t
,
etc.

•
su

b
c
a
te

g
o
riz

a
tio

n
a
n
d

d
e
p
e
n
d
e
n
c
ie

s:
refer

to
certa

in
k
in

d
s

o
f

rela
tio

n
s

b
etw

een
w

o
rd

s
a
n
d

p
h
ra

ses,
e.g

.
w
a
n
t

ca
n

b
e

fo
llow

ed
b
y

a
n

in
fi
n
itiv

e,
b
u
t

fi
n
d

ca
n
n
o
t.

A
ll

can
be

m
odeled

by
various

kinds
of

gram
m

ars
that

are
based

on
context-free

gram
m

ars.
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G
ram

m
ars

an
d

P
arsin

g

N
eed

a
gram

m
ar:

a
form

al
specification

of
the

structures
allow

able
in

the
language.

N
eed

a
p
arser:

algorithm
for

assigning
syntactic

structure
to

an
input

sentence.

S
en

ten
ce

P
arse

T
ree

B
eavis

ate
the

cat.
S

N
P

V
P

N
A

M
E

V
N

P

B
eavis

ate

A
R

T
N

th
e

cat
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C
F
G

ex
am

p
le

C
F
G

’s
are

also
called

phrase-structure
gram

m
ars.

E
quivalent

to
B

ackus-N
aur

Form
(B

N
F
).

1.
S
→

N
P

V
P

5.
N

A
M

E
→

B
eavis

2.
V

P
→

V
N

P
6.

V
→

ate

3.
N

P
→

N
A

M
E

7.
A

R
T

→
the

4.
N

P
→

A
R
T

N
8.

N
→

cat

•
C

F
G

’s
are

pow
erfulenough

to
describe

m
ost

of
the

structure
in

natural
languages.

•
C

F
G

’s
are

restricted
enough

so
that

effi
cient

parsers
can

be
built.
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C
F
G

’s

A
context

free
gram

m
ar

consists
of:

1.
a

set
of

non-term
inal

sym
bols

N

2.
a

set
of

term
inal

sym
bols

Σ
(disjoint

from
N

)

3.
a

set
of

productions,P
,each

of
the

form
A

→
α
,w

here
A

is
a

non-term
inal

and
α

is
a

string
of

sym
bols

from
the

infinite
set

of
strings

(Σ
∪

N
) ∗

4.
a

designated
start

sym
bol

S

S
lid

e
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D
erivation

s

•
If

the
rule

A
→

β
∈

P
,and

α
and

γ
are

strings
in

the
set

(Σ
∪

N
) ∗,

then
w

e
say

that
α
A

γ
d
irectly

d
erives

α
β
γ,

or
α
A

γ⇒
α
β
γ

•
L
et

α
1 ,α

2 ,...,α
m

be
strings

in
(Σ

∪
N

) ∗,
m

>
1,

such
that

α
1 ⇒

α
2 ,α

2 ⇒
α

3 ,...,α
m

−
1 ⇒

α
m

,

then
w

e
say

that
α

1
d
erives

α
m

or
α

1
∗⇒

α
m

S
lid

e
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L
G

T
he

language
L

G
generated

by
a

gram
m

ar
G

is
the

set
of

strings
com

posed
of

term
inal

sym
bols

that
can

be
derived

from
the

designated
start

sym
bol

S
.

L
G

=
{w|w

∈
Σ

∗,S
∗⇒

w}

P
arsing:

the
problem

of
m

apping
from

a
string

of
w

ords
to

its
parse

tree
according

to
a

gram
m

ar
G

.
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G
en

eral
P
arsin

g
S
trategies

G
ra

m
m

a
r

T
o
p
-D

ow
n

B
o
tto

m
-U

p

1
.

S
→

N
P

V
P

S
→

N
P

V
P

→
N

A
M

E
a
te

th
e

ca
t

2
.

V
P

→
V

N
P

→
N

A
M

E
V

P
→

N
A

M
E

V
th

e
ca

t

3
.

N
P

→
N

A
M

E
→

B
eav

V
P

→
N

A
M

E
V

A
R
T

ca
t

4
.

N
P

→
A

R
T

N
→

B
eav

V
N

P
→

N
A

M
E

V
A

R
T

N

5
.

N
A

M
E

→
B

eav
is

→
B

eav
a
te

N
P

→
N

P
V

A
R
T

N

6
.

V
→

a
te

→
B

eav
a
te

A
R
T

N
→

N
P

V
N

P

7
.

A
R
T

→
th

e
→

B
eav

a
te

th
e

N
→

N
P

V
P

8
.

N
→

ca
t

→
B

eav
a
te

th
e

ca
t

→
S

S
lid

e
C

S
6
7
4
–
9

A
T
op

-D
ow

n
P
arser

In
p
u
t:

C
F
G

gram
m

ar,
lexicon,sentence

to
parse

O
u
tp

u
t:

yes/no

S
tate

of
th

e
p
arse:

(sym
bol

list,
position)

1
T

he
2

old
3

m
an

4
cried

5

start
state:

((S)
1)
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G
ram

m
ar

an
d

L
ex

icon

G
ram

m
ar:

1.
S
→

N
P

V
P

4.
V

P
→

v

2.
N

P
→

art
n

5.
V

P
→

v
N

P

3.
N

P
→

art
adj

n

L
ex

icon
:

the:
art

old:
adj,

n
m

an:
n,v

cried:
v

1
T

he
2

old
3

m
an

4
cried

5

S
lid

e
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A
lgorith

m
for

a
T
op

-D
ow

n
P
arser

P
S

L
←

(((S
)

1
))

1
.

C
h
eck

fo
r

fa
ilu

re.
If

P
S
L

is
em

p
ty,

retu
rn

N
O

.

2
.

S
elect

th
e

cu
rren

t
sta

te,
C

.
C

←
p
o
p

(P
S
L
).

3
.

C
h
eck

fo
r

su
ccess.

If
C

=
(()

<
fi
n
al-p

o
sitio

n
>

),
Y

E
S
.

4
.

O
th

erw
ise,

gen
era

te
th

e
n
ext

po
ssible

sta
tes.

(a
)

s
1 ←

fi
rst-sy

m
b
o
l(C

)

(b
)

If
s
1

is
a

lexica
l
sym

bo
l
a
n
d

n
ex

t
w

o
rd

ca
n

b
e

in
th

a
t

cla
ss,

crea
te

n
ew

sta
te

b
y

rem
ov

in
g

s
1 ,

u
p
d
a
tin

g
th

e
w

o
rd

p
o
sitio

n
,
a
n
d

a
d
d
in

g
it

to
P

S
L

.

(c)
If

s
1

is
a

n
o
n
-term

in
a
l,

g
en

era
te

a
n
ew

sta
te

fo
r

ea
ch

ru
le

in
th

e

g
ra

m
m

a
r

th
a
t

ca
n

rew
rite

s
1 .

A
d
d

a
ll

to
P

S
L

.
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1
2



E
x
am

p
le

C
u
rren

t
state

B
ack

u
p

states

1.
((S)

1)

2.
((N

P
V

P
)

1)

3.
((art

n
V

P
)

1)
((art

adj
n

V
P

)
1)

4.
((n

V
P

)
2)

((art
adj

n
V

P
)

1)

5.
((V

P
)

3)
((art

adj
n

V
P

)
1)

6.
((v)

3)
((v

N
P

)
3)

((art
adj

n
V

P
)

1)

7.
(()

4)
((v

N
P

)
3)

((art
adj

n
V

P
)

1)
B

acktrack

S
lid
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8.
((v

N
P

)
3)

((art
adj

n
V

P
)

1)
leads

to
backtracking

...9.
((art

adj
n

V
P

)
1)

10.
((adj

n
V

P
)

2)

11.
((n

V
P

)
3)

12.
((V

P
)

4)

13.
((v)

4)
((v

N
P

)
4)

14.
(()

5)
((v

N
P

)
4)

Y
E

S

D
O

N
E

!
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e
C

S
674–14

P
rob

lem
s

w
ith

th
e

T
op

-D
ow

n
P
arser

1.
O

nly
judges

gram
m

aticality.

2.
Stops

w
hen

it
finds

a
single

derivation.

3.
N

o
sem

antic
know

ledge
em

ployed.

4.
N

o
w

ay
to

rank
the

derivations.

5.
P

roblem
s

w
ith

left-recursive
rules.

6.
P

roblem
s

w
ith

ungram
m

atical
sentences.
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E
ffi

cien
t

P
arsin

g

T
he

top-dow
n

parser
is

terribly
ineffi

cient.

H
ave

the
first

year
P
hd

students
in

the
com

puter
science

departm
ent

take
the

Q
-exam

.

H
ave

the
first

year
P
hd

students
in

the
com

puter
science

departm
ent

taken
the

Q
-exam

?
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