Our bane: Ambiguity
| seeabird
¥ like Quity park scavenger bife®

¥ Timeflieslike an arrow
¥ Fruit flies like a banana
¥ Time reactions like this reaction
¥ Time reactions like a chemist
¥ oris it just an NP?
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A simple grammar fo@ime flies like an
arronO- with weights;smaller= better

1 S! NPVP
6 S! Vst NP
2 S! SPP
1VP! VNP
2 VP! VP PP
1 NP! DtN
2 NP! NP PP
3 NP! NP NP
0 PP! PNP

Plus entries for individual words

(Q: where do the weights come from?
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time 1 fles 2 like 3 an 4 arow 5

NP 3
Vst 3
0
1 S! NPVP
6 S! VstNP
2 S!1 SPP
NP 4
1 VP 4 1VP| VNP
2 VP! VPPP
P 2 1 NP! DetN
2 V 5
2 NP! NPPP
3 Det 1 3 NP! NPNP
4 N 8
0 PP! PNP




1 2 like 3 an 4 arow 5

NP 3
Vst 3
1 St NPVP
6 S! VstNP
2 S1 SPP
NP 4
VP 4 1 VP! VNP
2 VP! VPPP
P 2 1 NP! DetN
Voo 2 NP! NPPP
Det 1 — 3 NP! NP NP
0 PP! PNP




ADD up weights fromyubtrees below + weights NP + 3

from rule that expanded them
time 1 flles 2 like 3 an 4 arow 5

NP 3 NP 10
Vst 3
P NP
0 3 + 4
1S! NPVP
6 S! VstNP
2 S! SPP
NP 4
1 vp 4 1 VP! VNP
2 VP! VPPP
P 2 1 NP! DetN
? V5 2 NP! NPPP
Det 1 3 NP! NP NP
4 N8 0 PP! PNP




1 2 like 3 an 4 arow 5

NP 10
Vst 3 S 8
6 S! VstNP
2 S1 SPP
NP 4
1 VP! VNP
2 VP! VP PP
P 2 1 NP! DetN
Voo 2 NP! NPPP
bet 1 — 3 NP! NP NP
0 PP! PNP




1 2 like 3 an 4 arow 5

NP 3 |[NP 10
S 8
S 13
1 S! NPVP
2 S! SPP
VP 4 1 VP! VNP
2 VP! VPPP
P 2 1 NP! DetN
V5 2 NP! NP PP
Det 1 3 NP! NP NP
N 8 O PP! PNP




time 1 flies 2 like 3 5
NP 3 NP 10
Vst 3 S 8
S 13
0
NP 4
1 VP 4
2
2 5
3 Det 1
4

O WINKFH N NO -

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



time 1 flies 2 like 3
NP 3 NP 10
Vst 3 S 8
S 13
0
NP 4
1 VP 4
2
2 5
3 NP 10
4

1S! NPVP
6 S! Vst NP
2 S SPP

1 VP! VNP
2 VP! VPPP
2 NP! NPPP
3 NP! NP NP

0 PP! PNP



time 1 flies 2 5
NP 3 |NP 10
Vst 3 |S 8
S 13
0
NP 4
1 VP 4
2
2 5
3 Det 1 |NP 10
4 N 8 ‘

= NN = NOY =

2
3

0

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



time 1 flies 2 5
NP 3 NP 10
Vst 3 S 8
S 13
0
NP 4
1 VP 4
PP 12
2 V
3 Det 1
4 N 8

N = NN~ NOYH

3

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP



time 1 flies 2 5
NP 3 |[NP 10
Vst 3 |S 8
S 13
0
NP 4
1 VP 4
PP 12
2 VP 16
3 Det 1
4 N 8

1S! NPVP
6 S! Vst NP
2 S SPP

2 VP! VPPP
1 NP! DetN
2 NP! NPPP
3 NP! NP NP

0 PP! PNP



time 1 2 5
NP 3 |NP 10
Vst 3 |s 8
s 13
0
NP 4
1 VP 4
2 PP 12
2 5 VP 16
3 Det 1 |NP 10
4 N 8

O WINKFH N NO -

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



time 1 2 5
NP 3 |NP 10
Vst 3 |S 8
S 13
0
NP 18
1 VP 4
2
2 5 VP 16
3 Det 1 |NP 10
4 N 8

S|
S|
S|

VP !
VP !

NP !

NP !
PP !

NP VP
Vst NP
S PP

V NP
VP PP

Det N

NP NP
P NP



time 1 2 5
NP 3 |[NP 10
Vst 3 |S 8
S 13
0
NP 18
1 VP 4 s 2
2 PP 12
2 5
3 Det 1 |NP 10
4 N 8

6 S! Vst NP
2 S! SPP
1 VP! VNP
2 VP! VPPP
1 NP! DetN
2 NP! NPPP
3 NP! NP NP
0 PP! PNP



time 1 2 5
NP 3 |NP 10
Vst 3 |S 8
S 13
0
NP 4 NP 18
1 s 2
VP 18
2
2 5 VP 16
3 Det 1 |NP 10
4 N 8

H N O

O WIN =

S|
S|
S|

VP !

NP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP

Det N

NP PP
NP NP

P NP



NP 3 NP 10
Vst 3 S 8
S 13

NP 4 NP 18

VP 4 S 21

VP 18

2 PP 12

5 VP 16

Det 1 NP 10

N 8

O WINKFH N NO -

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



NP 10 NP 24
Vst 3 |S 8
S 13
NP 4

VP 4 s 21

VP 18

2 PP 12

5 VP 16

Det 1 |NP 10

N 8

N = NN~ NOYH

S|
S|
S|

VP !
VP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP
VP PP

Det N
NP PP

P NP



NP 10 NP 24

Vst 3 S 8 S 22
S 13

NP 4 NP 18

VP 4 S 21

2 PP 12

5 VP 16

Det 1 NP 10

N 8

6 S! Vst NP
2 S! SPP
1 VP! VNP
2 VP! VPPP
1 NP! DetN
2 NP! NPPP
3 NP! NP NP
0 PP! PNP



NP NP 10 NP 24
S 8 S 22
S 13 S 27
NP 4
VP 4 S 21
VP 18
2 PP 12
5 VP 16
Det 1 NP 10
N 8

1S! NPVP
2 S! SPP

1 VP! VNP
2 VP! VPPP
1 NP! DetN
2 NP! NPPP
3 NP! NP NP
0 PP! PNP



2 5

NP 3 NP 10 NP 24
Vst 3 S 8 S 22
S 13 S 27
NP 4 NP 18
VP 4 S 21
VP 18
2 PP 12
5 VP 16
Det 1 NP 10

N 8

O WINKFH N NO -

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



2 5
NP 3 NP 24
Vst 3 |S 8 s 2
S 13 s 27
NP 24
NP 4 NP 18
VP 4 s 21
VP 18

2

5 VP 16
Det 1 |NP 10
N 8

= N = N O =

w

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VPPP
NP ! DetN
NP! NP NP
PP! PNP



2 5
NP 3 NP 24
Vst 3 |S 8 s 2
S 13 s 27
NP 24
s 27
NP 4 NP 18
VP 4 s 21
VP 18
2 PP 12

5

Det 1 |NP 10
N 8

6 S! Vst NP
2 S! SPP
1 VP! VNP
2 VP! VPPP
1 NP! DetN
2 NP! NPPP
3 NP! NP NP
0 PP! PNP



NP 3
Vst 3

NP 10

NP 4
VP 4

24
22
27
24
27
22

o N

Det 1

NP

VP

VP
NP

18
21
18

16
10

(@)

O WINNKFHL N =

S! NPVP
S! VstNP
VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



NP 3
Vst 3

NP 10
S 8

NP 4
VP 4

24
22
27
24
27
22
27

o N

Det 1

NP

VP

VP
NP

18
21
18

16
10

(@)

O WINNKFHL N =

S! NPVP
S! VstNP
VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



time 1 flies 2

Follow backpointerk .

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10
S 8
S 13

24
22
27
24
27
22
27

NP 4
VP 4

NP
S
VP

18
21
18

o N

PP
VP

12
16

Det

NP

10

N

8

OO WINEFE NN NO -

S'!
S'!
S'!
VP!
VP!

NP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP

VP PP

Det N

NP PP
NP NP

P NP



Vst

NP

w

10

13

24
22
27
24
27
22
27

NP
VP

NP

18
21

o N

PP
VP

12
16

Det

NP

10

OO WINEFE NN NO -

S!
S!

VP!
VP!

NP !

NP !
NP !

PP !

Vst NP
S PP

V NP
VP PP

Det N

NP PP
NP NP

P NP



time 1 2
NP 3 |NP 10 NP 24
Vst 3 |S 8 s 2
S 13 s 27
0 NP 24
s 27
s 2
s 27
NP 4 NP 18
1 s 2
VP 18

2

2 5 VP 16
3 Det NP 10
4 N 8

= N O =

O WN =

NP

VP

S!1 NPVP
S! Vst NP
S! SPP

VP! VNP
NP ! Det N
NP! NP PP
NP ! NP NP
PP! P NP



time 1 flies 2

NP 3
Vst 3

NP
S
S

10

13

24
22
27
24
27
22
27

NP
VP

NP

VP

18
21
18

PP
VP

12
16

Det

WINNEFE NN NOE=

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VP PP

NP ! DetN

NP! NP PP
NP ! NP NP



time 1 flies 2 like 3
NP 3 |NP 10 NP 24
Vst 3 |S 8 s 22
S 13 S 27
0 NP 24
S 27
s 22
S 27
NP 4 NP 18
1 VP 4 s 2
VP 18
2 PP 12
2 5 VP 16
3 NP 10

4

N = N O =

WN

S! NPVP
S! VstNP
S! SPP

VP! VNP
VP! VP PP

NP! NP PP
NP ! NP NP

PP! P NP



Which entries do we actualheed?

time 1 fles 2 like 3 an 4 arow 5

NP 3 NP 10 NP 24
Vst 3 S 8 S 22
S 13 S 27
0 NP 24
S 27
S 22
S 27
1 S1 NPVP
NP 4 NP 18 6 S! VstNP
1 VP 4 s 21 2 S! SPP
VP 18 1 VP! VNP
P 2 PP 12 2 VP! VPPP
2 V 5 VP 16 1 NP! DetN
3 Det 1 |NP 10 2 NP! NPPP
4 N 8 3 NP! NP NP
0 PP! PNP



time 1 flies 2

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10

S 13

24
22
27
24
27
22
27

NP 4
VP 4

NP

VP

18
21
18

o N

VP

16

Det

NP

10

OO WINEFE NN NO -

S'!
S'!
S'!
VP!
VP!

NP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP
VP PP

Det N

NP PP
NP NP

P NP



Not worth keeping - why not?

time 1 fles 2 like 3 an /4 arow 5

NP 3 NP 10 NP 24
Vst 3 S 22
S 13 S 27
0 NP 24
S 27
S 22
S 27
1 S1 NPVP
NP 4 NP 18 6 S! VstNP
1 VP 4 s 21 2 S! SPP
VP 18 1 VP! VNP
P 2 2 VP! VPPP
2 V 5 VP 16 1 NP! DetN
3 Det 1 |NP 10 2 NP! NPPP
4 N 8 3 NP! NP NP
0 PP! PNP



E since it just breeds worse options

time 1 flies 2

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10

S 13

24
22
27
24
27
22
2/

NP 4
VP 4

NP
S
VP

18
21
18

o N

VP

16

Det

NP

10

N

8

OO WINEFE NN NO -

S'!
S'!
S'!
VP!
VP!

NP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP
VP PP

Det N

NP PP
NP NP

P NP



time 1 flies 2

Keep only best in class!

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10
S 8
S 13

24
22
27
24
2(
22
2/

NP 4
VP 4

NP
S
VP

18
21
18

o N

PP
VP

12
16

Det

NP

10

N

8

OO WINEFE NN NO -

S'!
S'!
S'!
VP!
VP!

NP !

NP !
NP !

PP !

NP VP
Vst NP
S PP

V NP
VP PP

Det N

NP PP
NP NP

P NP



Keep only best in class Backpointerdo
recover the parse

time 1 fles 2 like 3 an 4 arow 5

NP 3 NP 10 NP 24
Vst 3 S 8 S 22
NP 4 NP 18
1 VP 4 s 21
VP 18 1 S!' NPVP
6 S! VstNP
2 PP 12 2 S! SPP
? > ve 16 1 VP! VNP
3 Det 1 NP 10 2 VP! VP PP
4 N 8 1 NP! DetN
2 NP! NPPP
3 NP! NP NP
0 PP! PNP



time 1 flies 2

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10

AR
S 13

I~

: -22
multiply to get 2%

2-8

24
22
27
24
27
22
27

NP 4
VP 4

2-12

NP

VP

18
21
18

o N

VP

16

Det 1

NP

10

(@)

O WINNKFHL N =

2-2
S! NPVP
S! VstNP
VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



Need only best in class to get best parse

time 1 flies 2

like 3 an 4 arrow 5

NP 3
Vst 3

NP 10

S 13

X

mu

S

2-8

tiply to get 22—,

24
22
27
24
27
22
27

NP 4
VP 4

2-12

NP

VP

18
21
18

o N

VP

16

Det 1

NP

10

(@)

O WINNKFHL N =

2-2
S! NPVP
S! VstNP
VP! VNP
VP! VPPP
NP ! Det N
NP ! NP PP
NP! NP NP
PP! PNP



