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Decoding Sentence 1

® Scores

answery the; question,
VB
DET
PRO
NN
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Decoding Sentence 1

WSTART, VB T WVB, answer = 0.00+0.00 = 0.00
® Scores

answery, they question,
VB 0.00
DET
PRO
NN
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Decoding Sentence 1

WSTART, DET *+ WDET, answer = 0-00+0.00 =0.00
* Scores

answer, they question,

vB [ 0.0
DET | 0.00

%= ppro (1)
NN

Introduction to Data Science Algorithms |  Boyd-Graber and Paul Why Language is Hard: Structure and Predictions | 2of1



Decoding Sentence 1

WSTART, PRO *+ PRO, answer = 0-00+0.00 =0.00
* Scores

answer, they question,

VB 0.00
DET 0.00

0= PRO 0.00 )
NN
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Decoding Sentence 1

WSTART, NN 1 WNN, answer = 0.00 +0.00 =0.00
® Scores

answer, they question,

vB [ 0.00
DET | 0.00

%= prO| 0.00 )
NN\ 0.00
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Decoding Sentence 1

00(VB) + wyB, VB + WyB, the = 0.00+0.00+0.00 = 0.00
* Scores

answery the; question,

VB 0.00  0.00
DET 0.00

0= PRO 0.00 )
NN 0.00
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Decoding Sentence 1

0o(VB) +wyB DET + WDET, the = 0.00 +0.00 + 0.00 = 0.00
e Scores

answery the; question,

VB 0.00  0.00
DET 0.00 0.00

0= PRO 0.00 )
NN 0.00
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Decoding Sentence 1

00(VB) +wyB PRO + WPRO, the = 0.00+0.00 +0.00 = 0.00

® Scores

answery the,
VB 0.00 0.00
DET 0.00 0.00
PRO 0.00 0.00
NN 0.00

o=

question,
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Decoding Sentence 1

8o(VB) +wyB. NN + WNN, the = 0.00 +0.00 +0.00 = 0.00

* Scores

answery the,
VB 0.00 0.00
DET 0.00 0.00
PRO 0.00 0.00
NN 0.00 0.00

o=

question,
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Decoding Sentence 1

* Scores

answery the,
VB 0.00 0.00
DET 0.00 0.00
PRO 0.00 0.00
NN 0.00 0.00

o=

question,
0.00
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Decoding Sentence 1

04(VB)+wyB DET + WDET, question = 0.00+0.00+-0.00 = 0.00
* Scores

answery, the; question,

VB 0.00 0.00 0.00
5= DET 0.00 0.00 0.00 )
~ PRO 0.00  0.00

NN 0.00 0.00
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Decoding Sentence 1

04(VB)+ W\B, PRO T WPRO, question = 0.00+0.00+-0.00=0.00
* Scores

answery, the; question,

VB 0.00 0.00 0.00
5— DET 0.00 0.00 0.00 )
~ PRO 0.00  0.00 0.00

NN 0.00 0.00
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Decoding Sentence 1

* Scores

answery, the; question,

VB 0.00  0.00 0.00
5— DET 0.00 0.00 0.00 )
~ PRO 0.00  0.00 0.00

NN 0.00 0.00 0.00
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Decoding Sentence 1

e Scores
answerg
VB 0.00
5__DET 0.00
" PRO 0.00
NN 0.00
e Backpointers
they
VB VB
__DET | VB
p= PRO| VB
NN VB

the,
0.00
0.00
0.00
0.00

question,
0.00
0.00
0.00
0.00

question,

VB
VB
VB
VB
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Decoding Sentence 1

e Scores
answerg
VB 0.00
5__DET 0.00
" PRO 0.00
NN 0.00
e Backpointers
they
VB VB
__DET | VB
p= PRO| VB
NN VB

the,
0.00
0.00
0.00
0.00

question,
0.00
0.00
0.00
0.00

question,

VB
VB
VB
VB
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Decoding Sentence 1
* Scores

answer, the; question,
VB 0.00 0.00 0.00
DET 0.00 0.00 0.00 )
PRO 0.00 0.00 0.00
NN 0.00 0.00 0.00

o=

¢ Backpointers
the; question,
VB VB VB
DET | VB VB
b= PRO | VB VB )
NN VB VB

* Reconstruction: VB VB VB
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e Correct answer: VB DET NN
* Prediction: VB VB VB
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e Correct answer: VB DET NN
e Prediction: VB VB VB
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e Correct answer: VB DET NN
e Prediction: VB VB VB

Gold Features Predicted Features
DET. the) (DET. NN Shared Features VB, th
EVB ;DE'T';( Y (START, VB) EVB’ ueezstion)
’ , (VB, answer) N
(NN, question) (VB, VB)
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e Correct answer: VB DET NN
* Prediction: VB VB VB

Gold Features Predicted Features
DET, the) (DET, NN Shared Features VB, th
EVB ;DE'T';( Y (START, VB) EVB’ ueezstion)
’ , (VB, answer) N
(NN, question) (VB, VB)

* New feature vector: (DET, NN): 1.00; (DET, the): 1.00;
(NN, question): 1.00; (VB, DET): 1.00; (VB, VB): -2.00;
(VB, question): -1.00; (VB, the): -1.00
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e Correct answer: VB DET NN
* Prediction: VB VB VB

Gold Features Predicted Features
DET, the) (DET, NN Shared Features VB, th
EVB ;DE'T';( Y (START, VB) EVB’ ueezstion)
’ , (VB, answer) N
(NN, question) (VB, VB)

* New feature vector: (DET, NN): 1.00; (DET, the): 1.00;
(NN, question): 1.00; (VB, DET): 1.00; (VB, VB): -2.00;
(VB, question): -1.00; (VB, the): -1.00
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Decoding Sentence 2

® Scores

question, the; answer;
VB
DET
PRO
NN
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Decoding Sentence 2

WSTART, VB + WVB, question = 0-00 +—1.00 = —1.00
e Scores

uestion, the; answer
0 1 2

vB [ —1.00
DET
%= proO )

NN
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Decoding Sentence 2

WSTART, DET T WDET, question = 0-00+-0.00 = 0.00
® Scores

uestion, the; answer
0 1 2

vB [ —1.00
DET |  0.00

%= ppro )
NN
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Decoding Sentence 2

WSTART, PRO + WPRO, question = 0-00 +0.00=0.00
* Scores

uestion, the; answer
0 1 2

VB —1.00
DET 0.00

0= PRO 0.00 ®)
NN
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Decoding Sentence 2

WSTART, NN T WNN, question = 0-00 +1.00 = 1.00
e Scores

uestion, the; answer
0 1 2

VB [ —1.00
DET | 0.00

%= pro| 0.0 @)
NN\ 1.00
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Decoding Sentence 2

0o(NN) +wnN, VB + WVB, the = 1.00 +0.00 +—1.00 = 0.00
® Scores

uestion, the; answer
0 1 2

VB —1.00 0.00
DET 0.00

0= PRO 0.00 ®)
NN 1.00
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Decoding Sentence 2

0o(NN) +wNN, DET + WDET, the = 1.00+0.00 +1.00 = 2.00
* Scores

uestion, the; answer
0 1 2

VB —1.00 0.00
DET 0.00 2.00

0= PRO 0.00 ®)
NN 1.00
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Decoding Sentence 2

0o(NN) + WNN, PRO T WPRO, the = 1.00 +0.00 +0.00 = 1.00

e Scores
question,
VB —1.00
5— DET 0.00
PRO 0.00
NN 1.00

the1
0.00
2.00
1.00 ®)

answer,
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Decoding Sentence 2

0o(DET) + WDET, NN + WNN, the = 0.00+ 1.00+0.00 = 1.00
* Scores

question, the; answer,

VB —1.00 0.00
DET 0.00 2.00

0= PRO 0.00 1.00 ®)
NN 1.00 1.00
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Decoding Sentence 2

* Scores

question, the; answer,

VB —1.00 0.00 2.00
DET 0.00 2.00

0= PRO 0.00 1.00 ®)
NN 1.00 1.00
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Decoding Sentence 2

01(DET) + WpET, DET + WDET, answer = 2:00+0.00 +0.00 = 2.00
® Scores

question, the; answer,

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
0= 3)
PRO 0.00 1.00
NN 1.00 1.00
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Decoding Sentence 2

01(DET) + wpET, PRO + WPRO, answer = 2-00+0.00 +0.00 = 2.00
® Scores

question, the; answer,

VB —1.00 0.00 2.00
5— DET 0.00 2.00 2.00
~ PRO 0.00 1.00 2.00 @)
NN 1.00 1.00
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Decoding Sentence 2

&1(DET) + WpET, NN -+ WNN, answer = 2.00 +1.00 +0.00 = 3.00

e Scores
question,
VB —1.00
5— DET 0.00
PRO 0.00
NN 1.00

the; answer,

0.00 2.00

2.00 2.00

1.00 2.00 )
1.00 3.00
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Decoding Sentence 2

® Scores

question, the; answer,

VB —1.00 0.00 2.00
5= DET 0.00 2.00 2.00 3
~ PRO 0.00 1.00 2.00 ®)
NN 1.00 1.00 3.00

e Backpointers
the; answer,
VB NN DET
DET | NN DET
p= PRO | NN DET )
NN DET  DET
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Decoding Sentence 2

® Scores

question, the; answer,

VB —1.00 0.00 2.00
5= DET 0.00 2.00 2.00 3
~ PRO 0.00 1.00 2.00 ®)
NN 1.00 1.00 3.00

e Backpointers
the; answer,
VB NN DET
DET | NN DET
p= PRO | NN DET )
NN DET  DET
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Decoding Sentence 2

* Scores
question,
VB —1.00
5— DET 0.00
~ PRO 0.00
NN 1.00
e Backpointers
the4
VB NN
__DET [ NN
p= PRO | NN
NN DET

* Reconstruction: NN DET NN

the,
0.00
2.00
1.00
1.00

answer,
2.00
2.00
2.00 ®)
3.00

answers

DET
DET
DET “)
DET
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e Correct answer: VB DET NN
e Prediction: NN DET NN
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e Correct answer: VB DET NN
e Prediction: NN DET NN
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e Correct answer: VB DET NN
e Prediction: NN DET NN

Id F Predi
Gold Features Shared Features redicted Features

T (NN, answer) - 4
(VB, question) (NN, DET)
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e Correct answer: VB DET NN
e Prediction: NN DET NN

Id F Predi
Gold Features Shared Features redicted Features

(VB, DET) (START, NN)
(START, VB) (DET, the) (DET, NN) (NN, question)

(VB, question) (NN, answer) (NN, DET)

* New feature vector: (DET, NN): 1.00; (DET, the): 1.00; (NN, DET): -1.00;
(VB, DET): 2.00; (VB, VB): -2.00; (VB, the): -1.00; (START, NN): -1.00;
(START, VB): 1.00
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e Correct answer: VB DET NN
e Prediction: NN DET NN

Id F Predi F
Gold Features Shared Features redicted Features

(VB, DET) (START, NN)
DET, the) (DET, NN
(START, VB) (DET, the) (DET, NN) - \IN, question)

(VB, question) (NN, answer) (NN, DET)

* New feature vector: (DET, NN): 1.00; (DET, the): 1.00; (NN, DET): -1.00;
(VB, DET): 2.00; (VB, VB): -2.00; (VB, the): -1.00; (START, NN): -1.00;
(START, VB): 1.00
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Decoding Sentence 3

® Scores

you, demand; the, delays
VB
DET
PRO
NN
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Decoding Sentence 3

WSTART, VB + WVB, you = 1.00+0.00 = 1.00
* Scores

you, demand; the, delays

VB ( 1.00
DET
%= pro (®)

NN
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Decoding Sentence 3

WSTART, DET + WDET, you = 0.00+0.00=0.00
® Scores

you, demand; the, delays

VB (1.00
DET | 0.00

%= ppro ®)
NN

Why Language is Hard: Structure and Predictions | 6o0of1

Introduction to Data Science Algorithms |  Boyd-Graber and Paul



Decoding Sentence 3

WSTART, PRO + WPRO, you = 0-00+0.00 = 0.00
* Scores

you, demand; the, delays

vB [ 1.00
DET | 0.00

%= pro | 0.00 ®)
NN
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Decoding Sentence 3

WSTART, NN T WNN, you = —1.00 +0.00 = —1.00
* Scores

you, demand; the, delay;

VB 1.00
DET | 0.00

0= PRO | 0.00 ®)
NN —1.00
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Decoding Sentence 3

0o(DET) +wpEgT, VB + WWB, demand = 0-00 +0.00+0.00 = 0.00
* Scores

you, demand; the, delay;
VB 1.00 0.00
DET | 0.00
PRO | 0.00
NN —1.00
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Decoding Sentence 3

00(VB) + W\/B, DET + WDET, demand = 1.00 +2.00 4 0.00 = 3.00
* Scores

you, demand; the, delay;
VB 1.00 0.00
DET { 0.00 3.00
PRO | 0.00
NN —1.00
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Decoding Sentence 3

00(VB) + WyB, PRO + WPRO, demand = 1.00+0.00+0.00 =1.00
* Scores

you, demand; the, delay;
VB 1.00 0.00
DET | 0.00 3.00
PRO | 0.00 1.00
NN —1.00
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Decoding Sentence 3

80(VB)+wyB, NN + WNN, demand = 1-00+0.00 -+ 0.00 = 1.00
e Scores

you, demand; the, delay;
VB 1.00 0.00
DET { 0.00 3.00
PRO | 0.00 1.00
NN —1.00 1.00
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Decoding Sentence 3

01(DET) + wpgT, VB + WVB, the = 3-00 +0.00 +—1.00 =2.00
* Scores

you, demand; the, delay;

VB 1.00 0.00 2.00
DET | 0.00 3.00
0= PRO | 0.00 1.00 ©®)

NN —1.00 1.00
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Decoding Sentence 3

04(DET) + WDET, DET + WDET, the = 3-00+0.00 + 1.00 = 4.00
* Scores

you, demand; the, delay;
VB 1.00 0.00 2.00
DET | 0.00 3.00 4.00 5)
PRO | 0.00 1.00
NN —1.00 1.00
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Decoding Sentence 3

04(DET) + WDET, PRO + WPRO, the = 3.00+ 0.00+ 0.00 = 3.00
® Scores

you, demand; the, delay;
VB 1.00 0.00 2.00
DET | 0.00 3.00 4.00 5)
PRO | 0.00 1.00 3.00
NN —1.00 1.00
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Decoding Sentence 3

04(DET) + WDET, NN + WNN, the = 3.00+1.00 +0.00 = 4.00
* Scores

you, demand; the, delay;
VB 1.00 0.00 2.00
DET | 0.00 3.00 4.00 5)
PRO | 0.00 1.00 3.00
NN —1.00 1.00 4.00
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Decoding Sentence 3

62(DET) + wpET, VB + WVB, delay = 4-00 +0.00 +0.00 = 4.00
® Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 5)
PRO | 0.00 1.00 3.00
NN —1.00 1.00 4.00
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Decoding Sentence 3

0,(VB) + WyB, DET + WDET, delay = 2.00+2.00+0.00=4.00
* Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00
NN —1.00 1.00 4.00
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Decoding Sentence 3

02(DET) + wpET, PRO + WPRO, delay = 4.00+0.00 +0.00 = 4.00
® Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00
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Decoding Sentence 3

02(DET) + WDET, NN + WNN, delay = 4-00 + 1.00+0.00 = 5.00
* Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00 5.00
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Decoding Sentence 3
e Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00 5.00

o=

e Backpointers

demand; the, delay,;

VB DET DET DET
~ DET VB DET VB ©)
p= PRO VB DET DET

NN VB DET DET
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Decoding Sentence 3
e Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00 5.00

o=

e Backpointers

demand; the, delay,;

VB DET DET DET
~ DET VB DET VB ©)
p= PRO VB DET DET

NN VB DET DET
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Decoding Sentence 3

* Scores

you, demand; the, delay;
VB 1.00 0.00 2.00 4.00
DET | 0.00 3.00 4.00 4.00 5)
PRO | 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00 5.00

5=

¢ Backpointers

demand; the, delay;

VB DET DET DET

_ DET VB DET VB
p= PRO VB DET DET ©

NN VB DET DET

¢ Reconstruction: VB DET DET NN
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e Correct answer: PRO VB DET NN
e Prediction: VB DET DET NN
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e Correct answer: PRO VB DET NN
e Prediction: VB DET DET NN
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e Correct answer: PRO VB DET NN
e Prediction: VB DET DET NN

Gold Features Predicted Features
(VB d d) Shared Features (DET, DET)

, deman ]
(PRO, you) E\E/)ETDtE'er)) (DET, NN) (START, VB)
(START, PRO) (NN, o (DET, demand)
(PRO, VB) > aelay (VB, you)
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e Correct answer: PRO VB DET NN
e Prediction: VB DET DET NN

IdF Predicted F
Gold Features Shared Features redicted Features

(VB, demand) (DET, DET)
(DET, the) (DET, NN)
g'IF'fF,{'I)ZO;:RO) (VB, DET) EEQ’)EA%R}exE\Ld)
’ (NN, delay) ’
(PRO, VB) (VB, you)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00;
(DET, demand): -1.00; (DET, the): 1.00; (NN, DET): -1.00;
(PRO, VB): 1.00; (PRO, you): 1.00; (VB, DET): 2.00; (VB, VB): -2.00;
(VB, demand): 1.00; (VB, the): -1.00; (VB, you): -1.00; (START, NN):
-1.00; (START, PRO): 1.00
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e Correct answer: PRO VB DET NN
e Prediction: VB DET DET NN

IdF Predicted F
Gold Features Shared Features redicted Features

(VB, demand) (DET, DET)
(DET, the) (DET, NN)
g'IF'{:\)I%'IXO;:RO) (VB, DET) EEQ’)ZI"RJ’e:g?’Id)
’ (NN, delay) ’
(PRO, VB) (VB, you)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00;
(DET, demand): -1.00; (DET, the): 1.00; (NN, DET): -1.00;
(PRO, VB): 1.00; (PRO, you): 1.00; (VB, DET): 2.00; (VB, VB): -2.00;
(VB, demand): 1.00; (VB, the): -1.00; (VB, you): -1.00; (START, NN):
-1.00; (START, PRO): 1.00
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Decoding Sentence 4

® Scores

you, delay; the, demands
VB
DET
PRO
NN

Introduction to Data Science Algorithms | Boyd-Graber and Paul Language is Hard: Structure and Predictions | 8of1



Decoding Sentence 4

WSTART, VB T WVB, you = 0.00 +—1.00= —1.00
* Scores

you, delay; the, demands;

vB [ —1.00
DET
%= prO )

NN

Introduction to Data Science Algorithms |  Boyd-Graber and Paul Why Language is Hard: Structure and Predictions | 8of1



Decoding Sentence 4

WSTART, DET + WDET, you = 0.00+0.00=0.00
® Scores

you, delay; the, demands;

VB —1.00
DET | 0.00

0= PRO @
NN
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Decoding Sentence 4

WSTART, PRO + WPRO, you = 1.00+1.00 =2.00
* Scores

you, delay; the, demands;

VB —1.00
DET | 0.00

0= PRO | 2.00 @
NN
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Decoding Sentence 4

WSTART, NN T WNN, you = —1.00 +0.00 = —1.00
* Scores

you, delay; the, demands;

VB —1.00
DET | 0.00

0= PRO | 2.00 @
NN —1.00
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Decoding Sentence 4

00(PRO) + WPRO, VB T WVB, delay = 2.00+ 1.00+ 0.00 = 3.00
* Scores

you, delay; the, demands;

VB —1.00 3.00
DET | 0.00

0= PRO | 2.00 @
NN —1.00

Why Language is Hard: Structure and Predictions | 8of1
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Decoding Sentence 4

60(PRO) + wpRO, DET + WDET, delay = 2-00+0.00+0.00 = 2.00
* Scores

you, delay; the, demands;

VB —1.00 3.00
DET | 0.00 2.00

0= PRO | 2.00 @
NN —1.00
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Decoding Sentence 4

00(PRO) + WPRO, PRO + WPRO, delay = 2-00+0.00+0.00 = 2.00
e Scores

you, delay; the, demands;

VB —1.00 3.00
DET | 0.00 2.00

0= PRO | 2.00 2.00 @
NN —1.00
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Decoding Sentence 4

00(PRO) + wpRO, NN + WNN, delay = 2-00 +0.00 +0.00 = 2.00
® Scores

you, delay; the, demands;

VB —1.00 3.00
DET | 0.00 2.00

0= PRO | 2.00 2.00 @
NN —1.00 2.00
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Decoding Sentence 4

04(PRO) + WPRO, VB T WVB, the = 2.00+1.00 +—1.00=2.00
* Scores

you, delay; the, demands;

VB —1.00 3.00 2.00
DET | 0.00 2.00

0= PRO | 2.00 2.00 @
NN —1.00 2.00
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Decoding Sentence 4

01(VB)+wyB DET + WDET, the = 3.00 +2.00 + 1.00 = 6.00
* Scores

you, delay; the, demands;

VB —1.00 3.00 2.00
DET | 0.00 2.00 6.00
o= (7)
PRO | 2.00 2.00
NN —1.00 2.00

Why Language is Hard: Structure and Predictions | 8of1
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Decoding Sentence 4

61(VB) +wyB PRO + WPRO, the = 3-00 +0.00 +0.00 = 3.00

e Scores
youp
VB —1.00
5— DET | 0.00
PRO | 2.00
NN —1.00

delay
3.00
2.00
2.00
2.00

the,
2.00
6.00
3.00

demands
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Decoding Sentence 4

&1(VB) +wyB, NN + WNN, the = 3.00 +0.00 +0.00 = 3.00

* Scores

you, delay,

VB —1.00 3.00
__DET | 0.00 2.00
"~ PRO| 2.00 2.00
NN —1.00 2.00

)

the,
2.00
6.00
3.00
3.00

demands
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Decoding Sentence 4

* Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__DET | 0.00 2.00 6.00
~ PRO| 2.00 2.00 3.00
NN —1.00 2.00 3.00

0
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Decoding Sentence 4

0,(DET)+ WDET, DET + WDET, demand = 6.00+—1.00+—1.00 = 4.00
* Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__ DET | 0.00 2.00 6.00 4.00
~ PRO| 2.00 2.00 3.00
NN —1.00 2.00 3.00

0
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Decoding Sentence 4

0,(DET) + WDET, PRO + WPRO, demand = 6-00+ 0.00 +0.00 = 6.00
* Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__DET | 0.00 2.00 6.00 4.00
~ PRO| 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00

0
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Decoding Sentence 4

02(DET) + WpET, NN + WNN, demand = 6-00 +1.00+0.00 = 7.00
* Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__DET | 0.00 2.00 6.00 4.00
" PRO| 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

0
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Decoding Sentence 4
e Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__DET | 0.00 2.00 6.00 4.00
~ PRO| 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

)

e Backpointers

delay; the, demands

VB PRO PRO DET

_ DET | PRO VB DET
p= PRO| PRO VB DET
NN PRO VB DET
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Decoding Sentence 4
e Scores

you, delay; the, demands;
VB —1.00 3.00 2.00 7.00
__DET | 0.00 2.00 6.00 4.00
~ PRO| 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

)

e Backpointers

delay; the, demands

VB PRO  PRO DET

_ DET | PRO VB DET
p= PRO| PRO VB DET
NN PRO VB DET
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Decoding Sentence 4

* Scores

you, delay; the, demands;

VB —1.00 3.00 2.00 7.00

5= DET | 0.00 2.00 6.00 4.00 @
PRO | 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

e Backpointers

delay; the, demands
VB PRO PRO DET
_DET | PRO VB DET
p= PRO| PRO VB DET (8)
NN PRO VB DET

* Reconstruction: PRO VB DET VB
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e Correct answer: PRO VB DET NN
e Prediction: PRO VB DET VB
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e Correct answer: PRO VB DET NN
e Prediction: PRO VB DET VB
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e Correct answer: PRO VB DET NN
* Prediction: PRO VB DET VB

Shared Features
VB, delay)
DET, the) (VB, DET)

Gold Features E
(PRO, you)
(
(

(DET, NN)
(NN, demand)

Predicted Features
(DET, VB)

START, PRO) (VB, demand)

PRO, VB)
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e Correct answer: PRO VB DET NN
e Prediction: PRO VB DET VB

Shared Features
VB, delay)
DET, the) (VB, DET)

Gold Features E
(PRO, you)
(
(

(DET, NN)
(NN, demand)

Predicted Features
(DET, VB)

START, PRO) (VB, demand)

PRO, VB)

* New feature vector: (DET, DET): -1.00; (DET, NN): 2.00;
(DET, VB): -1.00; (DET, demand): -1.00; (DET, the): 1.00; (NN, DET):
-1.00; (NN, demand): 1.00; (PRO, VB): 1.00; (PRO, you): 1.00; (VB,
DET): 2.00; (VB, VB): -2.00; (VB, the): -1.00; (VB, you): -1.00; (START,
NN): -1.00; (START, PRO): 1.00
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e Correct answer: PRO VB DET NN
e Prediction: PRO VB DET VB

Shared Features
VB, delay)
DET, the) (VB, DET)

Gold Features E
(PRO, you)
(
(

(DET, NN)
(NN, demand)

Predicted Features
(DET, VB)

START, PRO) (VB, demand)

PRO, VB)
* New feature vector: (DET, DET): -1.00; (DET, NN): 2.00;
(DET, VB): -1.00; (DET, demand): -1.00; (DET, the): 1.00; (NN, DET):
-1.00; (NN, demand): 1.00; (PRO, VB): 1.00; (PRO, you): 1.00; (VB,
DET): 2.00; (VB, VB): -2.00; (VB, the): -1.00; (VB, you): -1.00; (START,
NN): -1.00; (START, PRO): 1.00
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Decoding Sentence 5

® Scores

what, silence; can, shows,
VB
DET
PRO
NN
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Decoding Sentence 5

WSTART, VB T WB, what = 0.00+0.00 = 0.00
® Scores

what, silence; can, shows

vB ( 0.00
DET
%= pro ©)

NN
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Decoding Sentence 5

WSTART, DET + WDET, what = 0.00 +0.00 = 0.00
® Scores

what, silence; can, shows

VB 0.00
DET | 0.00

0= PRO ®)
NN
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Decoding Sentence 5

WSTART, PRO + WPRO, what = 1.00+0.00 =1.00
* Scores

what, silence; can, shows

VB 0.00
DET | 0.00

0= PRO | 1.00 ®)
NN

Why Language is Hard: Structure and Predictions | 100f 1
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Decoding Sentence 5

WSTART, NN + WNN, what = —1.00+0.00= —1.00
e Scores

what, silence; can, showsy

VB 0.00
DET | 0.00

0= PRO | 1.00 ®)
NN —1.00
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Decoding Sentence 5

* Scores

what, silence; can, showsy
VB 0.00 2.00

DET | 0.00
®=pro| 1.00 ©)
NN | —1.00
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Decoding Sentence 5

0o(VB) +wyB DET + WDET, silence = 0-00 +2.00 + 0.00 = 2.00
* Scores

what, silence; can, showsy

vB [ 000  2.00
DET | 000  2.00
®=pro| 1.00 ©)

NN —1.00
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Decoding Sentence 5

50(PF1’O) + WPRO, PRO + WPRO, silence = 1.00+0.00+0.00=1.00

® Scores

what, silence; can, shows

VB 0.00 2.00
DET | 0.00 2.00
0= PRO | 1.00 1.00 ©)

NN —1.00
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Decoding Sentence 5

0o(DET) + WDET, NN + WNN, silence = 0-00 +2.00+0.00 = 2.00
® Scores

what, silence; can, showsy

VB 0.00 2.00
DET | 0.00 2.00
0= PRO | 1.00 1.00 ®)

NN —1.00 2.00
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Decoding Sentence 5

04(PRO) + WPRO, VB T WB, can = 1.00+1.00+ 0.00 =2.00
® Scores

what, silence; can, showsy

VB 0.00 2.00 2.00
DET | 0.00 2.00
0= PRO | 1.00 1.00 ®)

NN —1.00 2.00
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Decoding Sentence 5

01(VB)+wyB DET + WDET, can = 2.00 +2.00 + 0.00 = 4.00
® Scores

what, silence; can, shows,

VB 0.00 2.00 2.00
DET | 0.00 2.00 4.00
0= PRO | 1.00 1.00 ®)

NN —1.00 2.00
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Decoding Sentence 5

&1(VB) +wyB, PRO + WPRO, can = 2.00+0.00 +0.00 = 2.00

e Scores
what, silencey
%=] 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

cany

2.00
4.00
2.00 ©)

shows
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Decoding Sentence 5

&1(DET) + WpET, NN + WNN, can = 2.00 +2.00 +0.00 = 4.00

e Scores
what, silencey
VB 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

cany
2.00
4.00
2.00 ©)
4.00

shows
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Decoding Sentence 5

82(NN) + wnN, VB + WB, show = 4.00 +0.00 + 0.00 = 4.00

e Scores
what, silencey
VB 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

can, shows
2.00 4.00
4.00

9
2.00 ©)
4.00
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Decoding Sentence 5

0,(VB)+wyB DET + WDET, show = 2-00+2.00 +0.00 = 4.00

* Scores
what, silencey
%=] 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

can, shows
2.00 4.00
4.00 4.00

9
2.00 ©)
4.00
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Decoding Sentence 5

02(DET) + wpET, PRO + WPRO, show = 400+ 0.00 +0.00 = 4.00

* Scores
what, silencey
%=] 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

can, shows

2.00 4.00

4,00 4.00

2.00 4.00 ©)
4.00
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Decoding Sentence 5

82(DET) + WpET, NN -+ WNN, show = 4-00 +2.00 +0.00 = 6.00

* Scores
what, silencey
%=] 0.00 2.00
5— DET | 0.00 2.00
PRO | 1.00 1.00
NN —1.00 2.00

can, shows
2.00 4.00
4,00 4.00
2.00 4.00 ©)
4,00 6.00
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Decoding Sentence 5
e Scores

what, silence; can, showsy

VB 0.00 2.00 2.00 4.00
5— DET | 0.00 2.00 4.00 4.00 ©)
~ PRO| 1.00 1.00 2.00 4.00

NN —1.00 2.00 4.00 6.00

¢ Backpointers

silence; can, shows

VB PRO PRO NN

~ DET VB VB VB
p= PRO PRO VB DET
NN DET DET DET
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Decoding Sentence 5
e Scores

what, silence; can, showsy

VB 0.00 2.00 2.00 4.00
5— DET | 0.00 2.00 4.00 4.00 ©)
~ PRO| 1.00 1.00 2.00 4.00

NN —1.00 2.00 4.00 6.00

¢ Backpointers

silence; can, shows

VB PRO PRO NN

~ DET VB VB VB
p= PRO PRO VB DET
NN DET DET DET
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Decoding Sentence 5

* Scores
what, silence; can, shows
VB 0.00 2.00 2.00 4.00
5— DET 0.00 2.00 4.00 4.00 ©)
PRO | 1.00 1.00 2.00 4.00
NN —1.00 2.00 4.00 6.00
¢ Backpointers
silence; can, shows
VB PRO PRO NN
= DET VB VB VB (10)
PRO PRO VB DET
NN DET DET DET

* Reconstruction: PRO VB DET NN
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e Correct answer: PRO NN VB VB
¢ Prediction: PRO VB DET NN
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e Correct answer: PRO NN VB VB
e Prediction: PRO VB DET NN
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e Correct answer: PRO NN VB VB
* Prediction: PRO VB DET NN

Predi
Gold Features redicted Features

(VB, show) (VB, can) Shared Features EEET’SET\:\Z)

(PRO, NN) (START, PRO) (VB’siIence)

(NN, silence) (PRO, what) ’

(NN, VE) (VB VB) (DET, NN) (VB, DET)
bl b (

PRO, VB)
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e Correct answer: PRO NN VB VB
e Prediction: PRO VB DET NN

Predi
Gold Features redicted Features

(VB, show) (VB, can) Shared Features (EJEIT’ c;an)

(PRO, NN) (START, PRO) EVB ! ;;’?e)

(NN, silence) (PRO, what) ’

(NN, VB) (VB VB) (DET, NN) (VB, DET)
3 b (

PRO, VB)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00; (DET, VB):
-1.00; (DET, can): -1.00; (DET, demand): -1.00; (DET, the): 1.00; (NN,
DET): -1.00; (NN, VB): 1.00; (NN, demand): 1.00; (NN, show): -1.00;
(NN, silence): 1.00; (PRO, NN): 1.00; (PRO, you): 1.00;

(VB, DET): 1.00; (VB, VB): -1.00; (VB, can): 1.00; (VB, show): 1.00;
(VB, silence): -1.00; (VB, the): -1.00; (VB, you): -1.00; (START, NN):
-1.00; (START, PRO): 1.00
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e Correct answer: PRO NN VB VB
e Prediction: PRO VB DET NN

Predi
Gold Features redicted Features

(VB, show) (VB, can) Shared Features (EJEIT’ cr;]an)

(PRO, NN) (START, PRO) EVB ! ;;’:Z)e)

(NN, silence) (PRO, what) ’

(NN, VB) (VB VB) (DET, NN) (VB, DET)
3 b (

PRO, VB)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00; (DET, VB):
-1.00; (DET, can): -1.00; (DET, demand): -1.00; (DET, the): 1.00; (NN,
DET): -1.00; (NN, VB): 1.00; (NN, demand): 1.00; (NN, show): -1.00;
(NN, silence): 1.00; (PRO, NN): 1.00; (PRO, you): 1.00;

(VB, DET): 1.00; (VB, VB): -1.00; (VB, can): 1.00; (VB, show): 1.00;
(VB, silence): -1.00; (VB, the): -1.00; (VB, you): -1.00; (START, NN):
-1.00; (START, PRO): 1.00
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Decoding Sentence 6

® Scores

what, show; can, silence;
VB
DET
PRO
NN
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Decoding Sentence 6

WSTART, VB T WB, what = 0.00+0.00 = 0.00
® Scores

what, show; can, silences

vB ( 0.00
DET
%= pro (11)

NN
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Decoding Sentence 6

WSTART, DET + WDET, what = 0.00 +0.00 = 0.00
® Scores

what, show; can, silences

VB 0.00
DET | 0.00

0= PRO (11)
NN
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Decoding Sentence 6

WSTART, PRO + WPRO, what = 1.00+0.00 =1.00
* Scores

what, show; can, silences

VB 0.00
DET | 0.00

0= PRO | 1.00 (an
NN

Why Language is Hard: Structure and Predictions | 12o0f1
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Decoding Sentence 6

WSTART, NN + WNN, what = —1.00+0.00= —1.00
e Scores

what, show; can, silences

VB 0.00
DET | 0.00

0= PRO | 1.00 (an
NN —1.00
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Decoding Sentence 6

00(PRO) + WPRO, VB T WV/B, show = 1.00+0.00+ 1.00 =2.00
* Scores

what, show; can, silences
VB 0.00 2.00

DET | 0.00
®=pro| 1.00 (1)
NN | —1.00
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Decoding Sentence 6

860(VB) + wyB, DET + WDET, show = 0.00 + 1.00+0.00 = 1.00
e Scores

what, show; can, silences

vB [ 000 2.00
DET | 000  1.00
®=pro| 1.00 (1)

NN —1.00
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Decoding Sentence 6

00(PRO)+ wpRo, PRO *+ WPRO, show = 1-00+0.00+-0.00 = 1.00
* Scores

what, show; can, silences

VB 0.00 2.00
DET | 0.00 1.00
0= PRO | 1.00 1.00 (an

NN —1.00
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Decoding Sentence 6

00(PRO) + wprO, NN + WNN, show = 1.00 +1.00 +—1.00 = 1.00
* Scores

what, show; can, silences
VB 0.00 2.00
DET | 0.00 1.00 (1)
PRO | 1.00 1.00
NN —1.00 1.00

o=
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Decoding Sentence 6

01(NN) + WNN, VB + WB, can = 1.00+ 1.00+ 1.00 = 3.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00
DET | 0.00 1.00 (1)
PRO | 1.00 1.00
NN —1.00 1.00

o=
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Decoding Sentence 6

04(VB)+ W\/B, DET + WDET, can = 2.00 +1.00+—1.00 =2.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00
DET | 0.00 1.00 2.00 (1)
PRO | 1.00 1.00
NN —1.00 1.00
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Decoding Sentence 6

04(VB)+ WyB, PRO + WPRO, can = 2.00+0.00+0.00=2.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00
DET | 0.00 1.00 2.00
PRO | 1.00 1.00 2.00 (1)
NN —1.00 1.00

o=
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Decoding Sentence 6

01(VB)+wyB NN+ WNN, can = 2-00 +0.00+0.00 = 2.00
e Scores

what, show; can, silences
VB 0.00 2.00 3.00
DET | 0.00 1.00 2.00
PRO | 1.00 1.00 2.00 (1)
NN —1.00 1.00 2.00

o=
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Decoding Sentence 6

02(NN) + WNN, VB + WVB, silence = 2-00+1.00 +—1.00 =2.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00 2.00
DET | 0.00 1.00 2.00
PRO | 1.00 1.00 2.00 (1)
NN —1.00 1.00 2.00

o=
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Decoding Sentence 6

0,(VB)+wyB DET + WDET, silence = 3-00 +1.00 + 0.00 = 4.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00 2.00
DET | 0.00 1.00 2.00 4.00
PRO | 1.00 1.00 2.00 (1)
NN —1.00 1.00 2.00
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Decoding Sentence 6

0,(VB) + wyB, PRO + WPRO, silence = 3:00 +0.00 +0.00 =3.00
* Scores

what, show; can, silences
VB 0.00 2.00 3.00 2.00
DET | 0.00 1.00 2.00 4.00 (1)
PRO | 1.00 1.00 2.00 3.00
NN —1.00 1.00 2.00

o=
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Decoding Sentence 6

82(VB) + wyB, NN + WNN, silence = 3-00+0.00 4 1.00 = 4.00
® Scores

what, show; can, silences
VB 0.00 2.00 3.00 2.00
DET | 0.00 1.00 2.00 4.00 (1)
PRO | 1.00 1.00 2.00 3.00
NN —1.00 1.00 2.00 4.00

o=
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Decoding Sentence 6

* Scores

VB
DET
0= PRO
NN
e Backpointers
B =

what
0.00
0.00
1.00

—1.00

showy

show;
2.00
1.00
1.00
1.00

VB PRO

DET
PRO
NN

VB
PRO
PRO

cany
NN
VB
VB
VB

can,
3.00
2.00
2.00
2.00

silences

2.00
4.00
3.00
4.00

silences

NN
VB
VB
VB

(12)
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Decoding Sentence 6

* Scores

VB
DET
0= PRO
NN
e Backpointers
B =

what
0.00
0.00
1.00

—1.00

showy

show;
2.00
1.00
1.00
1.00

VB PRO

DET
PRO
NN

VB
PRO
PRO

cany
NN
VB
VB
VB

can,
3.00
2.00
2.00
2.00

silences

2.00
4.00
3.00
4.00

silences

NN
VB
VB
VB

(12)
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Decoding Sentence 6

* Scores

what, show; can, silences

VB 0.00 2.00 3.00 2.00
5= DET | 0.00 1.00 2.00 4.00 (1)
~ PRO| 1.00 1.00 2.00 3.00

NN —1.00 1.00 2.00 4.00
e Backpointers

show; can, silences
VB PRO NN NN
_ DET VB VB VB
p= PRO| PRO VB VB
NN PRO VB VB

* Reconstruction: PRO NN VB DET

(12)
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e Correct answer: PRO NN VB VB
e Prediction: PRO NN VB DET
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e Correct answer: PRO NN VB VB
e Prediction: PRO NN VB DET
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e Correct answer: PRO NN VB VB
e Prediction: PRO NN VB DET

Shared Features

Gold Features (NN, show) (VB, can) Predicted Features
(VB, silence) (PRO, NN) (NN, VB) (DET, silence)
(VB, VB) (START, PRO) (VB, DET)

(PRO, what)
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e Correct answer: PRO NN VB VB
e Prediction: PRO NN VB DET

Shared Features

Gold Features (NN, show) (VB, can) Predicted Features
(VB, silence) (PRO, NN) (NN, VB) (DET, silence)
(VB, VB) (START, PRO) (VB, DET)

(PRO, what)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00; (DET, VB):
-1.00; (DET, can): -1.00; (DET, demand): -1.00; (DET, silence): -1.00;
(DET, the): 1.00; (NN, DET): -1.00; (NN, VB): 1.00; (NN, demand): 1.00;
(NN, show): -1.00; (NN, silence): 1.00; (PRO, NN): 1.00; (PRO, you):
1.00; (VB, can): 1.00; (VB, show): 1.00; (VB, the): -1.00; (VB, you):
-1.00; (START, NN): -1.00; (START, PRO): 1.00
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e Correct answer: PRO NN VB VB
e Prediction: PRO NN VB DET

Shared Features

Gold Features (NN, show) (VB, can) Predicted Features
(VB, silence) (PRO, NN) (NN, VB) (DET, silence)
(VB, VB) (START, PRO) (VB, DET)

(PRO, what)

* New feature vector: (DET, DET): -1.00; (DET, NN): 1.00; (DET, VB):
-1.00; (DET, can): -1.00; (DET, demand): -1.00; (DET, silence): -1.00;
(DET, the): 1.00; (NN, DET): -1.00; (NN, VB): 1.00; (NN, demand): 1.00;
(NN, show): -1.00; (NN, silence): 1.00; (PRO, NN): 1.00; (PRO, you):
1.00; (VB, can): 1.00; (VB, show): 1.00; (VB, the): -1.00; (VB, you):
-1.00; (START, NN): -1.00; (START, PRO): 1.00
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