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Contribution

this

work

=
Huang and Chiang,

2005

+ larger class of hypergraphs

+ confirm conjecture for cyclic case

+ more flexible weight structures

+ functional specification (Haskell)
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Two Scenarios

I Parsing

I Decoding
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Parsing

e = “I prefer a morning flight”

=⇒

S

NP

Pro

I

VP

Verb

prefer

NP

Det

a

Nom

Noun

morning

Nom

Noun

flight
Statistical NLP:

argmaxetree P(etree | e)
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PCFG Parsing Application

PCFG G e ∈ Σ∗

CYK/Earley
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)
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PCFG Parsing Application

PCFG G e ∈ Σ∗

CYK/Earley
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)

S → NP VP
NP → Pronoun | Proper-Noun | Det Nominal

Nominal → Noun Nominal | Noun
VP → Verb | Verb NP | . . .
PP → Preposition NP

Noun → flight | breeze | trip | morning | . . .
Verb → is | prefer | like | need | want | fly

Pronoun → me | I | you | it | . . .
Proper-Noun → Alaska | Baltimore | . . .

Det → the | a | an | this | these | that | . . .
Preposition → from | to | on | near | . . .

(after Jurafsky and Martin (2000))
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PCFG Parsing Application

PCFG G e ∈ Σ∗

CYK/Earley
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)

I prefer a morning flight
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PCFG Parsing Application

PCFG G e ∈ Σ∗

CYK/Earley
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e) (Goodman, 1999)
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–LM Decoding

f = “Jean aime Marie”

=⇒ John loves Mary

Statistical NLP:

argmaxe P(e | f )
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–LM Decoding
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Statistical NLP:

argmaxe P(e | f )
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SCFG Decoding Application

SCFG G f ∈ ∆∗

Chiang, 2007
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
d P(d | e)
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SCFG Decoding Application

SCFG G f ∈ ∆∗

Chiang, 2007
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
d P(d | e)

S → 〈S 1 X 2 , S 1 X 2 〉
S → 〈X 1 , X 1 〉
X → 〈X 1 X 2 , X 2 X 1 〉
X → 〈John, Jean〉
X → 〈loves, aime〉
X → 〈Mary, Marie〉
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SCFG Decoding Application

SCFG G f ∈ ∆∗

Chiang, 2007
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Huang and Chiang, 2005
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argmax
(n)
d P(d | e) (Chiang, 2007)
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SCFG Decoding Application

SCFG G f ∈ ∆∗

Chiang, 2007
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
d P(d | e)

John loves Mary
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Interlude: Hypergraphs and Derivations

1 2
e

f

g

derivations for node 1 derivations for node 2

e g(, )
f () g(e, f (e))

f (f (e)) g(f (e), f (e))
f (f (f (e))) g(f (e), e)

...
...
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Contribution

this

work
=

Huang and Chiang,

2005

+ larger class of hypergraphs
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PCFG Parsing Revisited
Subject vs Object NPs

S

NP

Pro

I

VP

Verb

prefer

NP

Det

a

Nom

Noun

morning

Nom

Noun

flight

subject object

pronoun 91 % 34 %
non-pronoun 9 % 66 %

(Jurafsky and Martin, 2009)
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PCFG Parsing Revisited
Subject vs Object NPs

S

NP

Prop

Delta

VP

Verb

serves

NP

Pro

you

subject object

pronoun 91 % 34 %
non-pronoun 9 % 66 %

(Jurafsky and Martin, 2009)
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From PCFG to WRTG

PCFG G e ∈ Σ∗

CYK/Earley
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)
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From PCFG to WRTG

WRTG G e ∈ Σ∗

Bar-Hillel construction

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)

(Maletti and Satta, 2009)
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From PCFG to WRTG

WRTG G e ∈ Σ∗

Bar-Hillel construction

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
(n)
etree P(etree | e)

“=” G , but restricted to parse trees of e
multi-edges!
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SCFG Decoding Revisited

SCFG G f ∈ ∆∗

Chiang, 2007
deductive system

hypergraph hypergraph

n-best derivations
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SCFG Decoding Revisited

SCFG G f ∈ ∆∗

Chiang, 2007
deductive system

hypergraph hypergraph

n-best derivations
Huang and Chiang, 2005

argmax
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conjecture: works in the cyclic case
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Ranking Derivations

1. define interpretation mapping (.)I:

eI() = .3

f I(x) = x + .1

g I(x1, x2) = x1 + x2 + .6

2. extend to derivations:

[g(e, f (e))]I

= g I(eI(), f I(eI())) = 1.3

3. define binary relation -, better-than:

e. g. ξ1 - ξ2 iff ξI1 ≤ ξI2
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Ranking Derivations

1. define interpretation mapping (.)I:

eI() = .3

f I(x) = x + .1

g I(x1, x2) = x1 + x2 + .6

2. extend to derivations:

[g(e, f (e))]I = g I(eI(), f I(eI())) = 1.3

3. define binary relation -, better-than:

e. g. ξ1 - ξ2 iff ξI1 ≤ ξI2

Integrate a language model!
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Ranking Derivations

1. define interpretation mapping (.)I:

eI() = .3

f I(x) = x + .1

g I(x1, x2) = x1 + x2 + .6

2. extend to derivations:

[g(e, f (e))]I = g I(eI(), f I(eI())) = 1.3

3. define binary relation -, better-than:

e. g. ξ1 - ξ2 iff ξI1 ≤ ξI2

⇒ “linear pre-order”
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Linear pre-order

eI() = .3

f I(x) = x + .1

g I(x1, x2) = x1 + x2 + .6

...

f 11(e)
g(f (f (e)), e)
g(f (e), f (e))
g(e, f (f (e)))

1.4

f 10(e)
g(e, f (e))
g(f (e), e)

1.3

f 9(e)
g(e, e)

1.2

...

e .3

16
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Additional Requirements on the Pre-order

I Compatibility:

∀i : ξi - ξ′i =⇒ σ(ξ1, . . . , ξk) - σ(ξ′1, . . . , ξ
′
k)

I Subtree property:

∀i : ξi - σ(ξ1, . . . , ξk)

17
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The n-Best Derivations Problem

Given

a hypergraph H,
a linear pre-order -

(fulfilling our requirements), and
a target vertex v ,

compute n best derivations for v (in order).

...

f 11(e)
g(f (f (e)), e)
g(f (e), f (e))
g(e, f (f (e)))

f 10(e)
g(e, f (e))
g(f (e), e)

f 9(e)
g(e, e)

...

e
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Contribution

this

work
=

Huang and Chiang,

2005

+ larger class of hypergraphs

+ confirm conjecture for cyclic case

+ more flexible weight structures

+ functional specification (Haskell)
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The Top Concatenation Operation

1 2
e

f

g

f(f(f(e)))

f(f(e))

f(e)

e

e f(
e)

f(
f(

e)
)

f(
f(

f(
e)

))

g tc(l1,l2) = g(head l1, head l2):
merge {g tc(tail l1,[head l2]), g tc(l1,tail l2)}
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The Merge Operation

merge {l1,l2} = if (head l1) - (head l2)
then head l1:merge {tail l1, l2}
else head l2:merge {l1,tail l2}

21



A Provisional Specification

1 2
e

f

g

p 1 = merge {etc(), f tc(p 1)}
p 2 = merge {g tc(p 1, p 1)}
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A Provisional Specification

1 2
e

f

g

p 1 = merge {etc(), f tc(p 1)}
p 2 = merge {g tc(p 1, p 1)}

works with acyclic hypergraphs

I strict evaluation/call-by-value “≈” bottom-up
“≈” Algorithm 2 of (Huang and Chiang, 2005)

I lazy evaluation/call-by-need “≈” top-down
“≈” Algorithm 3 of (Huang and Chiang, 2005)
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Final Specification

1 2
e

f

g

p 1 = (head etc()):merge {tail etc(), f tc(p 1)}
p 2 = (head g tc(p 1, p 1)):merge {tail g tc(p 1, p 1)}

I algorithms for solving the 1-best-derivations problem well
established

I cf. (Knuth 1977)
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Example Computation

p 1 =

(head etc()):merge {tail etc(), f tc(p 1)}
= e:merge {tail etc(), f tc(p 1)}

p 2 =

(head g tc(p 1, p 1)):merge {tail g tc(p 1, p 1)}
= g(head (p 1), head (p 1)):merge {tail g tc(p 1, p 1)}
= g(e, e):head (tail g tc(p 1, p 1)):merge {tail2 g tc(p 1, p 1)}
= g(e, e):head (merge {g tc(tail (p 1), [head (p 1)]), g tc(p 1,tail (p 1))})

:merge {tail2 g tc(p 1, p 1)}
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Complexity and Runtime
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