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Perceptron Algorithm

VVl — 6;
fort«< 1...T do
Receive x;;
Ve < sgn(wy - X¢);
Receive y;;
if ¥+ # y: then

‘ Wil < Wi + YiXe;
else

‘ Wiyl < W

return wrq
Algorithm 1: Perceptron Algorithm (Rosenblatt, 1958)
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2D Example

Initially, weight vector is zero:
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Observation 1

- . x1 =(=2,2) (2)
=0 (3)
nn=+1 (4)
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Update 1

Wit1 $— Wi + YeXe (5)
Vl72 <— (6)
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Update 1

—~~
o1
~—~

Wii1 <= Wt + YeXe
s ¢ (0,0) + (—2,2)

—~~
()]
N—r
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Update 1

—~~
o1
~—~

Wii1 <= Wt + YeXe
s ¢ (0,0) + (—2,2)
V‘_;2 = <_27 2> (

—~~
~N O
~— ~—
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Observation 2

Boulder




Observation 2
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Update 2

Vvt+]_ — Vvt (11
V\72 — (12)
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Update 2

Wt+1 — Wt
Wy < (—2,2) (

—~
= =
N =

~— — —
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Update 2

Wetl < We
Wy < (—2,2) (
VT;2 = <_27 2> (

—~
= =
N =
~— ~—

=
w
~
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Observation 3
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Observation 3

e * - x3 =(2,-1) (1
3=—4+-2=—-6 (15)
y3=+1 (

o
N—r

[y
(®)]
~
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Update 3

Wt+l — Vvt + _yt)?f_- (17
Vl73 —
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Update 3

—~
[
~

~—

Wip1 < Wi + YeXt
Wy (=2,2) + (2,—1)

—
[
o

~—
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Update 3

—~
—
~

Wip1 < Wi + YeXt
Wy (=2,2) + (2,—1)
ws = (0,1) (

—~
= =
O o0
~— ~— —
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Observation 4

Boulder




Observation 4
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Update 4

Boulder




Update 4

VV4 — V\73 (23)
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Update 4

VI74 — W3 (23)
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Observation 5
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Update 5
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Update 5

VV5 — V\74 (28)
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Update 5

VI75 — VV4 (28)
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Observation 6
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Update 6

M76 — (33)
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Update 6

VV6 — V\75 (33)
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Update 6

VI76 — W5 (33)
s = (0, 1) (34)
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Decoding Sentence 1

Scores

answerg the; question,

VB
DET

PRO (35)
NN
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Decoding Sentence 1

WSTART, VB T WB, answer = 0-00 +0.00 = 0.00
Scores

answerp the; question,

VB [ 0.00
DET

PRO (35)
NN

5=
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Decoding Sentence 1

WSTART, DET + WDET, answer = 0-00 4 0.00 = 0.00
Scores

answerp the; question,

VB [ 0.00
DET | 0.00

%= prRO (35)
NN
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Decoding Sentence 1

WSTART, PRO T WPRO, answer = 0-00 +0.00 = 0.00
Scores

answerp the; question,

VB 0.00
DET 0.00

0= PRO 0.00 (35)
NN
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Decoding Sentence 1

WSTART, NN T WNN, answer = 0-00 +0.00 = 0.00
Scores

answerp the; question,

VB [ 0.00
DET | 0.00

°= pPro| 0.00 (35)
NN\ 0.00

16 of 27

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning |



Decoding Sentence 1

50(VB) + wyg VB + W/B, the = 0-00 + 0.00 +0.00 = 0.00

Scores

answerg the; question,
VB 0.00 0.00

DET | 0.00
"= PrO| 0.00 (35)
NN\ 0.00

16 of 27
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Decoding Sentence 1

do(VB) + WyB DET T WDET, the = 0.00 4+ 0.00 + 0.00 = 0.00

Scores

answerg the; question,

VB [ 0.00 0.00
DET | 0.0 0.00
"= Pro| 0.00 (35)

NN 0.00

16 of 27
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Decoding Sentence 1

do(VB) + WyB, PRO T WPRO, the = 0-00 +0.00 4-0.00 = 0.00

Scores
answerg
VB 0.00
5— DET 0.00
~ PRO 0.00

NN 0.00

the;
0.00
0.00
0.00

question,

(35)

16 of 27
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Decoding Sentence 1

50(VB) + wyB NN + WNN, the = 0-00 + 0.00 +0.00 = 0.00

Scores

answerg the; question,

VB 0.00 0.00
DET 0.00 0.00
0= PRO 0.00 0.00 (35)

NN 0.00 0.00
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Decoding Sentence 1

01(VB) + WyB VB T W/B. question = 0.00 + 0.00 4+ 0.00 = 0.00
Scores

answerg the; question,

VB 0.00 0.00 0.00
DET 0.00 0.00
PRO 0.00 0.00
NN 0.00 0.00
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Decoding Sentence 1

51(VB) + wyB, DET + WDET, question = 0-00 + 0.0 + 0.00 = 0.00

Scores

answerg the; question,

VB 0.00 0.00 0.00
DET 0.00 0.00 0.00
0= PRO 0.00 0.00 (35)

NN 0.00 0.00
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Decoding Sentence 1

51(VB)+wyg, PRO +WPRO, question = 0-00+0.00+0.00 = 0.00

Scores
answerg
VB 0.00
5— DET 0.00
PRO 0.00
NN 0.00

the;
0.00
0.00
0.00
0.00

question,
0.00
0.00
0.00

(35)
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Decoding Sentence 1

51(VB) + wyB, NN + NN, question = 0-00 + 0.00 + 0.00 = 0.00

Scores
answerg
VB 0.00
5— DET 0.00
PRO 0.00
NN 0.00

the;
0.00
0.00
0.00
0.00

question,

0.00
0.00
0.00
0.00

(35)
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Decoding Sentence 1

Scores
answerg the; question,
VB 0.00 0.00 0.00
DET 0.00 0.00 0.00
0= PRO 0.00 0.00 0.00 (35)
NN 0.00 0.00 0.00
Backpointers
the; question,
VB VB VB
DET| VB VB
5= pro| vB VB (36)
NN VB VB

Online Learning |
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Decoding Sentence 1

Scores
answerg the; question,
VB 0.00 0.00 0.00
DET 0.00 0.00 0.00
0= PRO 0.00 0.00 0.00 (35)
NN 0.00 0.00 0.00
Backpointers
the; question,
VB VB VB
DET| VB VB
5= pro| vB VB (36)
NN VB VB

Online Learning |
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Decoding Sentence 1

Scores
answerg the; question,
VB 0.00 0.00 0.00
DET 0.00 0.00 0.00
0= PRO 0.00 0.00 0.00 (35)
NN 0.00 0.00 0.00
Backpointers
the; question,
VB VB VB
DET| VB VB
%= pro| vaB VB (36)
NN VB VB

Reconstruction: VB VB VB

16 of 27
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Correct answer: VB DET NN
Prediction: VB VB VB

Natural Language Processing: Jordan Bo Boulder Online Learning | 17 of 2



Correct answer: VB DET NN
Prediction: VB VB VB
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Correct answer: VB DET NN
Prediction: VB VB VB

SOl PG Predicted Features

(DET, the) Shared Features
AR S
(VB, DET) (VB, answer) (VB. VB)

(NN, question)
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Correct answer: VB DET NN
Prediction: VB VB VB

ot leaines Predicted Features

(DET, the) Shared Features
AR S
(VB, DET) (VB, answer) (VB. VB)

(NN, question)
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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Correct answer: VB DET NN
Prediction: VB VB VB

ot leaines Predicted Features

(DET, the) Shared Features
AR S
(VB, DET) (VB, answer) (VB. VB)

(NN, question)
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

questiony the; answerp

VB
DET

PRO (37)
NN

Boulder Online Learni 18 of 27

Natural Language Processing: Jordan Boyd-Graber



Decoding Sentence 2

WSTART, VB T WB, question = 0-00 + =1.00 = —1.00
Scores

questiony the; answery

VB [ 100
DET

PRO (37)
NN

5=
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Decoding Sentence 2

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

questiony the; answery

VB [ —1.00
DET | 0.00

%= prRO (37)
NN
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Decoding Sentence 2

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

questiony the; answery

VB —1.00
DET 0.00

0= PRO 0.00 (37)
NN
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Decoding Sentence 2

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

questiony the; answery

VB [ —1.00
DET [ 0.00

°= PrO| 0.0 (37)
NV o\ 100
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Decoding Sentence 2

do(NN) + WNN, VB T WB the = 1.00 4 0.00 + —1.00 = 0.00

Scores

questiony the; answerp

VB [ —100 0.00
DET | 0.00

°= pro| 0.00 (37)
NN\ 1.00
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Decoding Sentence 2

50(NN) + WNN, DET + WDET, the = 1.00+0.00 + 1.00 = 2.00

Scores

questiony the; answerp

VB [ —100 0.00
DET| 000 200

°= pro| 0.00 (37)
NN\ 1.00
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Decoding Sentence 2

50(NN) + WNN, PRO + WPRO, the = 1.00 4+ 0.00 + 0.00 = 1.00
Scores

uestion, the; answerp
q 0

VB —1.00 0.00
DET 0.00 2.00
0= PRO 0.00 1.00 (37)

NN 1.00
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Decoding Sentence 2

50(DET) + WDET, NN + WNN, the = 0.00 + 1.00 + 0.00 = 1.00

Scores
questiong
VB —1.00
5= DET 0.00
~ PRO 0.00

NN 1.00

the;
0.00
2.00
1.00
1.00

answers

(37)
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Decoding Sentence 2

01(DET) + WDET, VB T "WB, answer = 2.00+0.00+0.00 = 2.00
Scores

questiony the; answerp

VB —1.00 0.00 2.00
DET 0.00 2.00
0= PRO 0.00 1.00 (37)

NN 1.00 1.00
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Decoding Sentence 2

51(DET) + WDET, DET—I— WDET, answer = 2.00+0.00+0.00 = 2.00

Scores

questiono the; answers

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
0= PRO 0.00 1.00 (37)

NN 1.00 1.00
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Decoding Sentence 2

51(DET) + WDET, PRO + WPRO, answer = 2.00+0.0040.00 = 2.00
Scores

questiono the; answers

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
PRO 0.00 1.00 2.00
NN 1.00 1.00

0=
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Decoding Sentence 2

51(DET) + WDET, NN + WNN, answer = 2.00 + 1.00 4+ 0.00 = 3.00
Scores

questiony the; answerp

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
0= PRO 0.00 1.00 2.00 (37)

NN 1.00 1.00 3.00
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Decoding Sentence 2

Scores

questiony the; answerp

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
PRO 0.00 1.00 2.00
NN 1.00 1.00 3.00

5= (37)

Backpointers
the; answer;
VB NN DET
DET | NN DET
= pro| nn  DET (38)
NN DET DET
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Decoding Sentence 2

Scores

questiony the; answerp

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00
PRO 0.00 1.00 2.00
NN 1.00 1.00 3.00

5= (37)

Backpointers
the; answer;
VB NN DET
DET | NN DET
= pro| nn  DET (38)
NN DET DET
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Decoding Sentence 2
Scores

questiony the; answerp

VB —1.00 0.00 2.00
DET 0.00 2.00 2.00

0= pro 000 1.00 2.00 (37)
NN .00 1.00 3.00
Backpointers
the; answery
VB NN  DET
DET| NN  DET
P=pro| NN DET (38)

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

Gold Features
(VB, DET)

(START, VB)
(VB, question)

Shared Features
(DET, the)
(DET, NN)
(NN, answer)

Predicted Features
(START, NN)
(NN, question)
(NN, DET)
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Correct answer: VB DET NN
Prediction: NN DET NN

Gold Features Shared Features Predicted Features
(VB, DET) (DET, the) (START, NN)
(START, VB) (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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Correct answer: VB DET NN
Prediction: NN DET NN

Gold Features Shared Features Predicted Features
(VB, DET) (DET, the) (START, NN)
(START, VB) (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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Decoding Sentence 3

Scores

youy demand; they delay;

VB
DET

PRO (39)
NN

20 of 27
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Decoding Sentence 3

WSTART, VB T W/B, you = 1.00 + 0.00 = 1.00
Scores

youy demand; they delay;

VB /1.00
DET

PRO (39)
NN

5 =
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Decoding Sentence 3

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

youy demand; they delay;

VB /1.00
DET | 0.00

"= proO (39)
NN
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Decoding Sentence 3

WSTART, PRO + WPRO, you = 0.00 + 0.00 = 0.00
Scores

youy demand; they delay;

VB /1.00
DET | 0.00

= Pro| 0.00 (39)
NN

Online Learning | 20 of 27
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Decoding Sentence 3

WSTART, NN T WNN. you = —1.00+0.00 = —1.00

Scores
youg demand; they delay;
VB 1.00
DET | 0.00
0= PRO | 0.00 (39)
NN —1.00
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Decoding Sentence 3

0o(DET) + wpET, VB + WyB, demand = 0-00 + 0.00 + 0.00 = 0.00

Scores
youg demand; they delay;
VB 1.00 0.00
DET | 0.00
"= PrO| 0.00 (39)

NN —1.00
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Decoding Sentence 3

50(VB) + Wy, DET + WDET, demand = 1.00 +2.00 + 0.00 = 3.00

Scores
youq demand; they delay;
VB 1.00 0.00
5— DET 0.00 3.00 (39)

PRO | 0.00
NN —1.00
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Decoding Sentence 3

50(VB) + wyB, PRO + WPRO. demand = 1.00 +0.00 +0.00 = 1.00

Scores

youg demand; they 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

50(VB) + wyg, NN + WNN, demand = 1-00 +0.00 +0.00 = 1.00

Scores
youg demand; they delay;
VB 1.00 0.00
5— DET | 0.00 3.00 (39)

PRO | 0.00 1.00
NN —1.00 1.00

Online Learning | 20 of 27
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Decoding Sentence 3

01(DET) + wpgT VB + W\/B, the = 3.00 +0.00 + —1.00 = 2.00

Scores

youy demand; they delay;

VB 1.00 0.00 2.00
DET | 0.00 3.00
PRO 0.00 1.00
NN —1.00 1.00
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Decoding Sentence 3

01(DET) + WDET, DET T WDET, the = 3.00 + 0.00 + 1.00 = 4.00

Scores

youy demand; they delay;

VB 1.00 0.00 2.00
DET | 0.00 3.00 4.00
PRO | 0.00 1.00
NN —1.00 1.00

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning | 20 of 27



Decoding Sentence 3

01(DET) + WDET, PRO + WPRO, the = 3.00 4+ 0.00 4 0.00 = 3.00

Scores

youy demand; they delay;

VB 1.00 0.00 2.00
DET | 0.00 3.00 4.00
PRO 0.00 1.00 3.00
NN —1.00 1.00
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Decoding Sentence 3

51(DET) + WDET, NN + WNN, the = 3.00 + 1.00 + 0.00 = 4.00

Scores
youg demand;
VB 1.00 0.00
5— DET 0.00 3.00

~ PRO 0.00 1.00
NN —1.00 1.00

the,
2.00
4.00
3.00
4.00

delay;

(39)
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Decoding Sentence 3

52(DET) + WDET, VB + W/B, delay = 4.00 + 0.00 + 0.00 = 4.00

Scores
youg demand;
VB 1.00 0.00
5— DET 0.00 3.00

~ PRO 0.00 1.00
NN —1.00 1.00

the,
2.00
4.00
3.00
4.00

delay;
4.00

(39)
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Decoding Sentence 3

52(VB) + W\/B, DET + WDET, delay = 2.00 + 2.00 4+ 0.00 = 4.00

Scores
youg demand;
VB 1.00 0.00
5— DET 0.00 3.00

~ PRO 0.00 1.00
NN —1.00 1.00

the,
2.00
4.00
3.00
4.00

delay;

4.00

4.00 (39)
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Decoding Sentence 3

52(DET) + WDET, PRO + WPRO, delay = 4.00+0.00+0.00 = 4.00
Scores

youy demand; they delay;

VB 1.00 0.00 2.00 4.00
~ DET | 0.00 3.00 4.00 4.00
~ PRO 0.00 1.00 3.00 4.00
NN —1.00 1.00 4.00
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Decoding Sentence 3

52(DET) + WDET, NN + WNN, delay = 4.00 + 1.00 + 0.00 = 5.00

Scores
youg demand;
VB 1.00 0.00
5— DET 0.00 3.00

~ PRO 0.00 1.00
NN —1.00 1.00

the,
2.00
4.00
3.00
4.00

delay;

4.00
4.00
4.00
5.00
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Decoding Sentence 3

Scores
youy  demand;
VB 1.00 0.00
5 DET | 0.00 3.00

PRO 0.00 1.00
NN —1.00 1.00

Backpointers

demand;

VB DET

_ DET| B
f= pro| B
NN VB

the;
2.00
4.00
3.00
4.00

the,
DET
DET
DET
DET

delay;
4.00
4.00
4.00
5.00

(39)

delays

DET
VB
DET
DET

(40)
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Decoding Sentence 3

Scores
youy  demand;
VB 1.00 0.00
5 DET | 0.00 3.00

PRO 0.00 1.00
NN —1.00 1.00

Backpointers

demand;

VB DET

_ DET| B
f= pro| B
NN VB

the;
2.00
4.00
3.00
4.00

the,
DET
DET
DET
DET

delay;
4.00
4.00
4.00
5.00

(39)

delays

DET
VB
DET
DET

(40)
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Decoding Sentence 3

Scores
youy  demand;
VB 1.00 0.00
5— DET 0.00 3.00

PRO | 0.00 1.00
NN —1.00 1.00

Backpointers

demand;

VB DET

_ DET VB
b= PRO VB
NN VB

Reconstruction: VB DET DET NN

the;
2.00
4.00
3.00
4.00

the,
DET
DET
DET
DET

delays

4.00
4.00
4.00
5.00

delay;

DET
VB
DET
DET

(40)
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Correct answer: PRO VB DET NN
Prediction: VB DET DET NN
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Correct answer: PRO VB DET NN
Prediction: VB DET DET NN
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Correct answer: PRO VB DET NN
Prediction: VB DET DET NN

Gold Features

(VB, demand)
(PRO, you)
(START, PRO)
(PRO, VB)

Shared Features

(DET, the)
(DET, NN)
(VB, DET)
(NN, delay)

Predicted Features

(DET, DET)
(START, VB)
(DET, demand)
(VB, you)

Boulder

Natural Language Processing: Jordan Boyd-Graber

Online Learning |
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Correct answer;: PRO VB DET NN
Prediction: VB DET DET NN

Gold Features Shared Features Predicted Features
(VB, demand) (DET, the) (DET, DET)
(PRO, you) (DET, NN) (START, VB)
(START, PRO) (VB, DET) (DET, demand)
(PRO, VB) (NN, delay) (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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Correct answer;: PRO VB DET NN
Prediction: VB DET DET NN

Gold Features Shared Features Predicted Features
(VB, demand) (DET, the) (DET, DET)
(PRO, you) (DET, NN) (START, VB)
(START, PRO) (VB, DET) (DET, demand)
(PRO, VB) (NN, delay) (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

youy delay; thex demands

VB
DET

PRO (41)
NN

Online Learning

Boulder

Natural Language Processing: Jordan Boyd-Graber



Decoding Sentence 4

WSTART, VB T WB. you = 0.00 + —1.00 = —1.00

Scores
youg delay; they demands
VB —1.00
DET
"= PrO (41)
NN

Online Learning | 22 of 27
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Decoding Sentence 4

WSTART, DET T WDET, you = 0.00 + 0.00 = 0.00

Scores
youy delay; they demands
VB —1.00
DET | 0.00
= PrO (41)
NN

Online Learning | 22 of 27
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Decoding Sentence 4

WSTART, PRO T WPRO, you = 1.00 4+ 1.00 = 2.00

Scores
youg delay; they demands
VB —1.00
DET | 0.00
0= PRO | 2.00 (41)
NN

Online Learning | 22 of 27
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Decoding Sentence 4

WSTART, NN T WNN. you = —1.00+0.00 = —1.00

Scores
youg delay; they demands
VB —1.00
DET | 0.00
"= pro| 2.00 (41)
NN —1.00

Online Learning | 22 of 27
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Decoding Sentence 4

do(PRO) + WPRO, VB + /B, delay = 2.00 + 1.00 4 0.00 = 3.00

Scores
youg delay; thex demands
VB —1.00 3.00
DET | 0.00
"= Pro| 2.0 (41)
NN —1.00

Online Learning | 22 of 27

Boulder

Natural Language Processing: Jordan Boyd-Graber



Decoding Sentence 4

do(PRO) + WPRO, DET + WDET, delay = 2.00 4 0.00 + 0.00 = 2.00

Scores
youg delay; thexy demands
VB —1.00 3.00
DET | 0.00 2.00
"= Pro| 2.0 (41)

NN —1.00

Online Learning | 22 of 27
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Decoding Sentence 4

do(PRO) + WPRO, PRO + WPRO, delay = 2.00 +0.00 + 0.00 = 2.00

Scores
youg delay; they, demands
VB —1.00 3.00
5— DET 0.00 2.00 (41)

PRO 2.00 2.00
NN —1.00

Online Learning | 22 of 27

Boulder

Natural Language Processing: Jordan Boyd-Graber



Decoding Sentence 4

do(PRO) + WPRO, NN T WNN, delay = 2.00 4 0.00 + 0.00 = 2.00

Scores
youg delay; they, demands
VB —1.00 3.00
5— DET 0.00 2.00 (41)

PRO 2.00 2.00
NN —1.00 2.00

22 of 27

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning |



Decoding Sentence 4

51(PRO) + wpRo VB + W/B. the = 2.00 +1.00 + —1.00 = 2.00

Scores
youg delay; they, demands
VB —1.00 3.00 2.00
5— DET 0.00 2.00 (41)

PRO 2.00 2.00
NN —1.00 2.00

22 of 27
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Decoding Sentence 4

501(VB) + W\/B. DET + WDET, the = 3.00+4+2.00 + 1.00 = 6.00

Scores
youg delay; they demands
VB —1.00 3.00 2.00
5— DET 0.00 2.00 6.00 (41)

~ PRO 2.00 2.00
NN —1.00 2.00

22 of 27
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Decoding Sentence 4

01(VB) + W/B, PRO T WPRO, the = 3-00 4+ 0.00 4-0.00 = 3.00

Scores
VB
5— DET
~ PRO
NN

yOug
—1.00

0.00

2.00
—1.00

delay;

3.00
2.00
2.00
2.00

thes
2.00
6.00
3.00

demand;

(41)

Boulder

22 of 27
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Decoding Sentence 4

51(VB) + wyB NN + WNN, the = 3-00+0.00 +0.00 = 3.00

Scores
youg delay; they demands
VB —1.00 3.00 2.00
5— DET 0.00 2.00 6.00 (41)

~ PRO 2.00 2.00 3.00
NN —1.00 2.00 3.00
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Decoding Sentence 4

02(DET) + wpgT, VB T WB, demand = 6-00 +0.00 + 1.00 = 7.00

Scores
youg delay; they, demands
VB —1.00 3.00 2.00 7.00
5— DET 0.00 2.00 6.00 (41)

PRO 2.00 2.00 3.00
NN —1.00 2.00 3.00

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning | 22 of 27



Decoding Sentence 4

62(DET) + WpET, DET + WDET, demand =
6.00 + —1.00 + —1.00 = 4.00

Scores
youg delay; they, demands
VB —1.00 3.00 2.00 7.00
5= DET 0.00 2.00 6.00 4.00 (41)

PRO 2.00 2.00 3.00
NN —1.00 2.00 3.00
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Decoding Sentence 4

52(DET)+WDET, PRO+WPRO, demand = 6.004+0.004-0.00 = 6.00

Scores
youg delay; they, demands
VB —1.00 3.00 2.00 7.00
P DET 0.00 2.00 6.00 4.00 (41)

PRO 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00
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Decoding Sentence 4

52(DET) + WDET, NN + WNN, demand = 6.00+ 1.00 4+ 0.00 = 7.00

Scores
youg delay; they demands
VB —1.00 3.00 2.00 7.00
5— DET 0.00 2.00 6.00 4.00 (41)

~ PRO 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00
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Decoding Sentence 4

Scores
youy delay; thexy demands
VB —1.00 3.00 2.00 7.00
5 DET 0.00 2.00 6.00 4.00 (41)
PRO 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

Backpointers

delay; they demands

VB [ PRO PRO  DET
_ DET| PRO VB  DET
P= prO| PRO VB  DET
NN \ PRO VB  DET

(42)
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Decoding Sentence 4

Scores
youy delay; thexy demands
VB —1.00 3.00 2.00 7.00
5 DET 0.00 2.00 6.00 4.00 (41)
PRO 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

Backpointers

delay; they demands

VB [ PRO PRO  DET

_ DET| PRO VB  DET
#= prO| PRO VB  DET
NN \ PRO VB  DET

(42)
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Decoding Sentence 4

Scores
youy delay; thex demands
VB —1.00 3.00 2.00 7.00
5— DET 0.00 2.00 6.00 4.00 (41)
PRO 2.00 2.00 3.00 6.00
NN —1.00 2.00 3.00 7.00

Backpointers

delay; they demands
VB PRO PRO  DET
DET | PRO VB DET
p= PRO| PRO VB DET (42)
NN PRO VB DET

Reconstruction: PRO VB DET VB

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning | 22 of 27



Correct answer: PRO VB DET NN
Prediction: PRO VB DET VB
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Correct answer: PRO VB DET NN
Prediction: PRO VB DET VB
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Correct answer;: PRO VB DET NN
Prediction;: PRO VB DET VB

Shared Features

(VB, delay)
Gold Features (DET, the) Predicted Features
(DET, NN) (VB, DET) (DET, VB)
(NN, demand) (PRO, you) (VB, demand)
(START, PRO)
(PRO, VB)
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Correct answer; PRO VB DET NN
Prediction: PRO VB DET VB

Shared Features

(VB, delay)
Gold Features (DET, the) Predicted Features
(DET, NN) (VB, DET) (DET, VB)
(NN, demand) (PRO, you) (VB, demand)
(START, PRO)
(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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Correct answer; PRO VB DET NN
Prediction: PRO VB DET VB

Shared Features

(VB, delay)
Gold Features (DET, the) Predicted Features
(DET, NN) (VB, DET) (DET, VB)
(NN, demand) (PRO, you) (VB, demand)
(START, PRO)
(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

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning |
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Decoding Sentence 5

Scores

whatg silence; cany shows
VB

DET
'= PrRO (43)
NN

Boulder Online Learni 24 of 27
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Decoding Sentence 5

WSTART, VB T WWB, what = 0.00 4+ 0.00 = 0.00
Scores

whatg silence; cany shows

VB /000
DET

PRO (43)
NN

§ =

Online Learning | 24 of 27
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Decoding Sentence 5

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

whatg silence; cany shows

VB [ 0.00
DET | 0.00

°= PRO (43)
NN

Online Learning | 24 of 27
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Decoding Sentence 5

Scores

whatg silence; cany shows

VB 0.00
DET | 0.00

0= PRO | 1.00 (43)
NN

Online Learning | 24 of 27
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Decoding Sentence 5

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

Scores
whatg silence; cany shows
VB 0.00
DET 0.00
%= pro| 1.00 (43)
NN —1.00

Online Learning | 24 of 27
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Decoding Sentence 5

50(PRO) + wpRO VB + WM/B. silence = 1.00 +1.00 +0.00 = 2.00

Scores

whatg silence; cany shows
VB 0.00 2.00

DET | 0.00
°= pro| 1.00 (43)
NN\ —1.00
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Decoding Sentence 5

50(VB) + w\/g DET + WDET, silence = 0-00 +2.00 +0.00 = 2.00

Scores

whatg silence; cany shows
VB 0.00 2.00

DET | 000  2.00
°= Pro| 1.00 (43)
NN\ —1.00

Online Learning | 24 of 27
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Decoding Sentence 5

do(PRO) + WPRO, PRO T WPRO, silence = 1.00+40.00+0.00 = 1.00

Scores

whatg silence; cany shows
VB 0.00 2.00

DET | 0.00 2.00
0= PRO 1.00 1.00 (43)
NN —1.00
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Decoding Sentence 5

50(DET) + WpET, NN + WNN. silence = 0-00 + 2.00 + 0.00 = 2.00

Scores
whatg silence; cany shows
VB 0.00 2.00
5— DET 0.00 2.00 (43)

PRO 1.00 1.00
NN —1.00 2.00

Online Learning | 24 of 27

Natural Language Processing: Jordan Boyd-Graber |  Boulder



Decoding Sentence 5

91(PRO) + WPRO, VB T W/B, can = 1.00+1.00+-0.00 = 2.00

Scores

whatg silence; cany shows

VB 0.00 2.00 2.00

DET | 0.00 2.00

PRO 1.00 1.00 (43)
NN —1.00 2.00

Online Learning | 24 of 27
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Decoding Sentence 5

51(VB) + wyB DET + WDET, can = 2.00 +2.00 +0.00 = 4.00

Scores
whatg silence; cany shows
VB 0.00 2.00 2.00
5— DET 0.00 2.00 4.00 (43)

~ PRO 1.00 1.00
NN —1.00 2.00

Online Learning | 24 of 27
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Decoding Sentence 5

51(VB) + w\/g. PRO + WPRO. can = 2.00 +0.00 + 0.00 = 2.00

Scores

VB

_ DET

~ PRO
NN

whatg

0.00
0.00
1.00

—1.00

silencey

2.00
2.00
1.00
2.00

canp
2.00
4.00
2.00

shows

(43)
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Decoding Sentence 5

51(DET) + WDET, NN + WNN, can = 2.00 + 2.00 + 0.00 = 4.00

Scores

whatg silence; cany shows

VB 0.00 2.00 2.00
_ DET | 0.00 2.00 4.00
~ PRO 1.00 1.00 2.00
NN —1.00 2.00 4.00
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Decoding Sentence 5

d2(NN) + WNN, VB + W/B. show = 4.00 + 0.00 + 0.00 = 4.00

Scores

VB

_ DET

~ PRO
NN

whatg

0.00
0.00
1.00

—1.00

silencey

2.00
2.00
1.00
2.00

canp

2.00
4.00
2.00
4.00

shows
4.00

(43)
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Decoding Sentence 5

52(VB) + w\/g. DET + WDET. show = 2-00 +2.00 + 0.00 = 4.00

Scores

whatg silence; cany shows

VB 0.00 2.00 2.00 4.00
~ DET | 0.00 2.00 4.00 4.00
~ PRO 1.00 1.00 2.00

NN —1.00 2.00 4.00

Natural Language Processing: Jordan Boyd-Graber |  Boulder Online Learning | 24 of 27



Decoding Sentence 5

52(DET) + WDET, PRO + WPRO, show = 4.00+40.00+40.00 = 4.00

Scores

VB

_ DET

~ PRO
NN

whatg

0.00
0.00
1.00

—1.00

silencey

2.00
2.00
1.00
2.00

canp

2.00
4.00
2.00
4.00

shows
4.00
4.00
4.00

Natural Language Processing: Jordan Boyd-Graber
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Decoding Sentence 5

52(DET) + WDET, NN + WNN, show = 4.00 +2.00 + 0.00 = 6.00

Scores
whatg silence; cans
VB 0.00 2.00 2.00
5— DET 0.00 2.00 4.00

~ PRO 1.00 1.00 2.00
NN —1.00 2.00 4.00

shows

4.00
4.00
4.00
6.00

Online Learning |

24 of 27
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Decoding Sentence 5

Scores
whatg  silence;
VB 0.00 2.00
5 DET 0.00 2.00
~ PRO 1.00 1.00
NN —1.00 2.00
Backpointers
silence;
VB PRO
5= DET VB
~ PRO PRO
NN DET

canp

2.00
4.00
2.00
4.00

cans

PRO
VB
VB

DET

ShOW3

4.00
4.00
4.00
6.00

(43)

shows

NN
VB
DET
DET

(44)

Boulder
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Decoding Sentence 5

Scores
whatg  silence;
VB 0.00 2.00
5 DET 0.00 2.00
~ PRO 1.00 1.00
NN —1.00 2.00
Backpointers
silence;
VB PRO
5= DET VB
~ PRO PRO
NN DET

canp

2.00
4.00
2.00
4.00

cans

PRO
VB
VB

DET

ShOW3

4.00
4.00
4.00
6.00

(43)

shows

NN
VB
DET
DET

(44)

Boulder

Natural Language Processing: Jordan Boyd-Graber |
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Decoding Sentence 5

Scores
whaty  silence;
VB 0.00 2.00
5— DET | 0.00 2.00
PRO 1.00 1.00
NN —1.00 2.00
Backpointers
silence;
VB PRO
_ DET VB
b= PRO| PRO
NN DET

Reconstruction: PRO VB DET NN

ShOW3
4.00
4.00
4.00
6.00

canp

2.00
4.00
2.00
4.00

cany shows

PRO NN
VB VB
VB DET

DET DET

(44)

Online Learning |
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Correct answer: PRO NN VB VB
Prediction: PRO VB DET NN
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Correct answer: PRO NN VB VB
Prediction: PRO VB DET NN
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Correct answer;: PRO NN VB VB
Prediction;: PRO VB DET NN

Gold Features

E\\;EY ShO\SV) Shared Features
, can

(PRO, NN) (START, PRO)
(NN, silence) (PRO, what)

(NN, VB) (VB, VB)

Predicted Features

(DET, can)
(NN, show)
(VB, silence)
(DET, NN)
(VB, DET)
(PRO, VB)

25 of 27
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Correct answer: PRO NN VB VB
Prediction: PRO VB DET NN

Gold Features Predicted Features

(DET, can)

%E ShO\;/) Shared Features (NN, show)
(PRbcal\’l‘N) (START, PRO) (VB, silence)

(NN ;ilence) (PRO. what) EDET, NN))

; VB, DET

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

Gold Features Predicted Features

(DET, can)

%E ShO;V) Shared Features (NN, show)
(PRbcal\’l‘N) (START, PRO) (VB, silence)

(NN ;ilence) (PRO. what) EDET, NN))

; VB, DET

(NN, VB) (VB, VB) (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

whatg show; can, silences
VB

DET
'= PrRO (45)
NN
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Decoding Sentence 6

WSTART, VB T WWB, what = 0.00 4+ 0.00 = 0.00
Scores

whatg show; cany silences

VB [ 0.00
DET

PRO (45)
NN

§ =
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Decoding Sentence 6

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

whatg show; cany silences

VB [ 0.00
DET | 0.00

°= PRO (45)
NN

Online Learning | 26 of 27
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Decoding Sentence 6

Scores

whatg show; cany silences

VB 0.00
DET | 0.00

0= PRO | 1.00 (45)
NN

Online Learning | 26 of 27
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Decoding Sentence 6

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

Scores
whatg show; cany silences
VB 0.00
DET 0.00
%= pro| 1.00 (45)
NN —1.00
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Decoding Sentence 6

do(PRO) + WPRO, VB T WW/B show = 1-00 +0.00 +1.00 = 2.00

Scores

whatg show; cany silences
VB 0.00 2.00

DET | 0.00
°= Pro| 1.00 (45)
NN\ —1.00

Online Learning | 26 of 27
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Decoding Sentence 6

50(VB) + w\/g. DET + WDET, show = 0-00 + 1.00 + 0.00 = 1.00

Scores

whatg show; cany silences
VB 0.00 2.00

DET| 000  1.00
°= pro| 1.00 (45)
NN\ —1.00
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Decoding Sentence 6

do(PRO) + WPRO, PRO T WPRO, show = 1.00 + 0.00 4- 0.00 = 1.00

Scores

whatg show; cany silences
VB 0.00 2.00

DET | 0.00 1.00
0= PRO 1.00 1.00 (45)
NN —1.00
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Decoding Sentence 6

50(PRO) + WPRO. NN + WNN. show = 1.00+1.00 + —1.00 = 1.00

Scores
whatg show; cany silences
VB 0.00 2.00
5— DET 0.00 1.00 (45)

PRO 1.00 1.00
NN —1.00 1.00
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Decoding Sentence 6

S1(NN) + wnN VB + WyB, can = 1.00+ 1.00 +1.00 = 3.00

Scores

whatg show; cany silences
VB 0.00 2.00 3.00

DET | 0.00 1.00
0= PRO 1.00 1.00 (45)
NN —1.00 1.00
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51(VB) + Wy, DET + WDET, can = 2.00 +1.00 + —1.00 = 2.00
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whatg show; cany silences
VB 0.00 2.00 3.00
5— DET 0.00 1.00 2.00 (45)

PRO 1.00 1.00
NN —1.00 1.00
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Decoding Sentence 6

51(VB) + w\/g. PRO + WPRO. can = 2.00 +0.00 + 0.00 = 2.00

Scores

whatg show; cany silences

VB 0.00 2.00 3.00
_ DET | 0.00 1.00 2.00
~ PRO 1.00 1.00 2.00
NN —1.00 1.00
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Decoding Sentence 6

51(VB) + wA/g. NN + WNN, can = 2.0 + 0.00 + 0.00 = 2.00

Scores

whatg show; cany silences

VB 0.00 2.00 3.00
_ DET | 0.00 1.00 2.00
~ PRO 1.00 1.00 2.00
NN —1.00 1.00 2.00
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Decoding Sentence 6

d2(NN) + WNN, VB + WV/B silence = 2.004+1.00+ —1.00 = 2.00

Scores

whatg show; cany silences

VB 0.00 2.00 3.00 2.00
DET | 0.00 1.00 2.00
0= PRO 1.00 1.00 2.00 (45)

NN —1.00 1.00 2.00
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Decoding Sentence 6

5(VB) + W\/B, DET + WDET, silence = 3.00 4+ 1.00+ 0.00 = 4.00
Scores

whatg show; cany 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

NN —1.00 1.00 2.00
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Decoding Sentence 6

52(VB) + wyg PRO + WPRO. silence = 3-00 + 0.00 + 0.00 = 3.00

Scores
whatg show; cany silences
VB 0.00 2.00 3.00 2.00
5— DET 0.00 1.00 2.00 4.00

PRO 1.00 1.00 2.00 3.00
NN —1.00 1.00 2.00
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Decoding Sentence 6

52(VB) + wyB NN + WNN, silence = 3-00 + 0.00 +1.00 = 4.00

Scores

whatg show; cany 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 3.00
NN —1.00 1.00 200 4.00
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Decoding Sentence 6

Scores

VB
DET
PRO
NN

Backpointers

)=

whatg

0.00

0.00

1.00
—1.00

VB

DET
PRO | PRO
NN

canp

3.00
2.00
2.00
2.00

cans

NN
VB
VB
VB

silences

2.00
4.00
3.00
4.00

(45)

silences

NN
VB
VB
VB

(46)
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Decoding Sentence 6
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Decoding Sentence 6

Scores
whatg show; cany silences
VB 0.00 2.00 3.00 2.00
5— DET 0.00 1.00 2.00 4.00 (45)
PRO 1.00 1.00 2.00 3.00
NN —1.00 1.00 2.00 4.00

Backpointers

show; cans silences
VB PRO NN NN
DET VB VB VB
p= PRO| PRO VB VB (46)
NN PRO VB VB

Reconstruction: PRO NN VB DET
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Correct answer: PRO NN VB VB
Prediction: PRO NN VB DET
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Correct answer;: PRO NN VB VB
Prediction;: PRO NN VB DET

Shared Features

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

(START, PRO)

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

Shared Features

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

(START, PRO)

(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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Correct answer: PRO NN VB VB
Prediction: PRO NN VB DET

Shared Features

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

(START, PRO)

(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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