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Managing Intractable
Search Spaces
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Locally Factored Parsing
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Local vs. Global Models

. - \\ ’ s S
X ’ ‘\, N Fruit flies like bananas Fruit flies like bananas
Pl v AN NP NP\NP (S\NP)/NP NP NP/NP NP (S\NP)/NP ~ NP
. : T N N = > =
, Fruit flies like bananas N NP S\NP NP S\NP
// S ' . S S
’ B ‘\ 5 i
/ Fruit flies like bananas N N Fruit  flies Fruit  flies like bananas
’ ? ? N _ _ —_
/ NP S\NP N NP NP\NP NP/NP NI>> (S\NP)/NP
/ ~ 5 NP NP S\NP
c \ \ S~ . T \ SN e N [
o, \ \ S ’ ~o \ 4 AN ’ N s T~
r, \ \ N / N \ ’ \ / N i \
/ 7 | 1 \ r \ \ ’ \
’ ’ ] \ ’
L flies Fruit ﬂ;es like banlanas K / flies fike bananas |
I — N\ K NP (S\NP)/NP NP N
; NP\NP || NP/NP NP (S\NP)/NP NP " / p .
1 v ' ! I
! ' \ / N \ 1 - !
:l ! AN ) v N - )
| I -~ - 1 ‘\ | K
[, o ! Y Y ;
| v ' N \ K
| u ! Fruit /
] v B NP 2
! B / /
I Fruit / ! /
| NP / \ \ - Ny
/ . e S y
\ \ ’ ~eme - ~ M
\ AN ! AN / | Fruit  flies like bananas
\ N L S oo ~ | - -
N\ NeeT T N I Fruit  flies like bananas RP  S\P Soyme P -
N ' ; E——— . 5 \S
fe broomms NP S\NP (S\S)/NP NP N : ‘
? |- S S\S ! !
5\8 _—— R ;

Fruit flies
PEE—
S

ocal model:

Intractable

20




ombined model:

Efficient

This Work
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Qutline

+ Background: A* parsing

+ Combined global and local parsing model

+ Learning to search accurately and efficiently

+ Experiments on CCGBank
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A" Parsing

y* = argmax g(y)
yey

* Search in the space of partial parses

First explored full parse guaranteed to be optimal
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Locally Factored Model

Supertag-factored A" CCG Parser (Lewis et al, 2016):
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Locally Factored Model

Supertag-factored A" CCG Parser (Lewis et al, 2016):
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Locally Factored Model

Supertag-factored A" CCG Parser (Lewis et al, 2016):
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Locally Factored Model

Supertag-factored A" CCG Parser (Lewis et al, 2016):
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Locally Factored Model

Supertag-factored A" CCG Parser (Lewis et al, 2016):
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Qutline

+ Background: A* parsing

+ Combined global and local parsing model

+ Learning to search accurately and efficiently

+ Experiments on CCGBank
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Global A" Parsing

y* = argmax g(y)
yey

First explored full parse guaranteed to be optimal

* Global search graph is exponential in sentence length

*  Open question: Can we still learn to search efficiently?
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Modeling Global Structure
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Modeling Global Structure

9(y) = 9global (y)
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Modeling Global Structure

g(y) = Igtobal (Y)

h(y) = 0



Modeling Global Structure

9(Yy) = Giocal(y) + gglobal (y)

Non-positive
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Any locally factored model with
an admissible A" heuristic

h(y) = hiocar(y) +0




Division of Labor

g(y) :glacal(y> =+ lobal(y)

% Limited expressivity % Global expressivity

% Provides guidance with < Discriminative only
an A" heuristic when necessary
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Global Model:  9giobal (V)

Parse Scores

Tree-LSTM
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Non-positive Global Model
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Division of Labor

g(y) :glacal(y> =+ lobal(y)

% Limited expressivity + Global expressivity

% Provides guidance with % Discriminative only
* . .
an A" heuristic when necessary
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Qutline

+ Background: A* parsing

+ Combined global and local parsing model

* Learning to search accurately and efficiently

+ Experiments on CCGBank
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Learning with A’
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Fruit  flies like bananas
Fruit  flies like bananas a S\Nf e Al S
NP S\NP (S5\S)/NP NP J 5\5

> ! |

S S\S S !

- = - /

S Tt - _ . /
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—_— agenda
————— > | unexplored

Agenda
position

f(y)

| | 4.5

Is correct?

Y

bananas

NP

3.1

like

(S\NP)/NP

1.9

Fruit
NP

-0.5

Fruit
NP/NP




Learning with A’

Fruit flies like bananas Fruit flies like bananas
NP NP\NP (S\NP)/NP NP NP/NP NP (S\NP)/NP NP
NP S\NP NP S\NP
S S
iR "
Fruit flies Fruit flies like bananas
NP NP\NP NP/NP NP (S\NP)/NP NP
NP NP S\NP -
f 2 /\
/'/ flies Fruit flies like bananas

J

\

Fruit like ,
NP (S\S)/NP
\\\\ _____ T T TS ‘\\\Q\;1 TTTTT T \\\Ll
Fruit flies like bananas
Fruit flies like bananas NP S\N ]<3 (S\S)/NP NP
NP S\NP (S\S)/NP NP S S\S
> ! |
S S\S ) P ll
C==z-7 /
S Te-a -~ __ . /
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Agenda
position

explored

agenda

unexplored

f(y)

Is correct?

Fruit
| | 1.9 - ®
Fruit
-0.5 NP/NP




Learning with A’

Fruit flies like bananas Fruit flies like bananas —_ explored
NP NP\NP (S\NP)/NP NP NP/NP NP (S\NP)/NP NP
— L — [ |
S S
N A s > | unexplored

Fruit flies

NP/NP NP

Fruit flies
NP NP\NP

Agenda
position

Is correct?

f(y)

Agenda violation:
incorrect partial parse explored

Fruit flies like bananas

Fruit

flies

like

bananas

NP S\NP

(S\S)/NP

NP
>

S

S\S

S

NP S\NP
—S <

(S\S)/NP

NP

S\S

>
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Violation-based Loss

m:: f(y) y ::“‘::: f(y) y Is correct?
bananas Fruit
I |45 | 55 1| 1.9 = ®
like Fruit
2 |31 (S\NP)/NP 2 |-05 NP/NP
[ | [ | [ | [ [ | [ |
Fruit
3 |19 ~F ® 3
Fruit
4 | -0.5 NE/NP 4
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Violation-based Loss

L(A) =) max f(y)— max f(y)

t —
p . : - y

/ Top of agenda

Best gold partial parse
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Jointly Optimizing
Accuracy and Efficiency

Correct partial parse can still be |
predicted via backtracking

60



Jointly Optimizing
Accuracy and Efficiency
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Qutline

+ Background: A* parsing

* Combined global and local parsing model

* Learning to search accurately and efficiently

+ Experiments on CCGBank
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Experimental Setup

* (local (y) : supertag-factored model from Lewis et al. (201 6)
* Evaluate on CCGBank (Hockenmaier & Steedman, 2007)

+ Comparisons:

Clark & Curran Xu et al. Lewis et al. Vaswani et al.
(2007) (2015) (2016) (2016)

Is global? v v
Is exact? J
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Experimental Setup

* (local (y) : supertag-factored model from Lewis et al. (201 6)
* Evaluate on CCGBank (Hockenmaier & Steedman, 2007)

+ Comparisons:

Clark & Curran Xu et al. Lewis et al. Vaswani et al. %
(2007) (2015) (2016) (2016) Global A

Is global? v v v
Is exact? J J
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CCG Parsing Results

L . O O )k D 88.7
88.3

86.0 - B B B

Test FI (%)

Clark & Curran Xu et al. Lewis et al. Vaswani et al.
(2007) (2015) (2016) (2016)

Global A*

Is global? J J J

Is exact? J J
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CCG Parsing Results

.00 s 88.7
88.3

« Optimal parse found for 99.9% of sentences

+ Explores only 190 partial parses on average

n givvar: V V

Is exact? J J
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Decoder Comparisons

B Development Fl (%) Speed (sentences / second)

| 0-best 100-best 4-best Global A*
Reranking Reranking Beam Search
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Context Ablation

B Development Fl (%) B Number of explorations (lower is better)

Global A*

S\NP °
Cl8ga( I I')

(S\NP)/NP NP
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600

450

300

150

Global A* without context

S\NP C’)
00— 00e@

(S\NP)/NP °§




Garden Paths

Incorrect partial parse (syntactically plausible in isolation):

U.S. small business 1S one
N/N (N/N)\(N/N) N (S\NP)/NP N
= > S

S <

Input sentence:

The favorite U.S. small business is one whose research and
development can be milked for future Japanese use.
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Conclusion

* Combining local and global models enables exact inference

with global features

« Efficient decoding by learning to search

+ State of the art for CCG parsing

+ Applicable to other structured prediction tasks
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