
6.863J/9.611J SP08 Lecture 8

Our bane: Ambiguity
I see a bird

¥ like Òcity park scavenger birdÓ?

¥ Time flies like an arrow
¥ Fruit flies like a banana
¥ Time reactions like this reaction
¥ Time reactions like a chemist
¥ or is it just an NP?



6.863J/9.611J SP08 Lecture 8

A simple grammar for Ôtime flies like an
arrowÕ - with weights; smaller = better

1  S ! NP VP
6  S ! Vst NP
2  S ! S PP

1 VP ! V NP
2  VP ! VP PP

1  NP ! Dt N
2  NP ! NP PP
3  NP ! NP NP

0  PP !  P NP 

Plus entries for individual words

Q: where do the weights come from?



N 84

Det 13

P 2
V 52

NP 4
VP 41

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

Det 13

P 2
V 52

NP 4
VP 41

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

Det 13

P 2

V 52

NP 4
VP 41

NP 10NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

NP + 3

NP NP
3   +     4

ADD up weights from subtrees below + weights
from rule that expanded them



N 84

Det 13

P 2
V 52

NP 4
VP 41

NP 10
S 8

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

Det 13

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

Det 13

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12

VP 16

P 2

V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

S
Follow backpointersÉ .



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

S

NP VP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

S

NP VP

VP PP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

S

NP VP

VP PP

P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

S

NP VP

VP PP

P NP

Det N



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

Which entries do we actually need?



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

Not worth keeping - why not?



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

É since it just breeds worse options



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

inferior stock

Keep only best in class!



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22

NP 10
S 8

NP 3
Vst 3

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

Keep only best in class & backpointers to
recover the parse



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

multiply to get 2-22

2-8

2-12

2-2



N 84

NP 10Det 13

PP 12
VP 16

P 2
V 52

NP 18
S 21

VP 18

NP 4
VP 41

NP 24
S 22
S 27

NP 24
S 27
S 22

S 27

NP 10
S 8
S 13

NP 3
Vst 3

0

time   1   flies   2     like    3      an    4    arrow    5

1  S !  NP VP
6  S !  Vst NP
2  S !  S PP

1  VP !  V NP
2  VP !  VP PP

1  NP !  Det N
2  NP !  NP PP
3  NP !  NP NP

0  PP !  P NP

multiply to get 2-22

2-8

2-12

2-2

2-13

Need only best in class to get best parse


