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General program

Goal: To define and implement a translation G from
standard predicate logic (PL) into English text.

I Well, CycL (Lenat 1995) rather than PL, technically.
I But CycL subsumes PL (Ramachandran et al. 2005).

I Not every possible output (cf. completeness); but every
output should faithful to input (cf. soundness).

I Faithfulness: If φ→ ψ then G(φ) “implies” G(ψ).

I ‘Computational inverse semantics’?
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Referring and non-referring expressions

Translating logical formulas into natural language requires
generating both:

I referring expressions (corresponding to constants or closed
non-atomic terms)

I non-referring expressions (corresponding to variables).
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Karttunen’s discourse referents

I Karttunen (1976): “the appearance of an indefinite noun
phrase establishes a discourse referent just in case it justifies
the occurrence of a coreferential pronoun or a definite
noun phrase later in the text.”

I This definition allows the study of coreference to proceed
“independently of any general theory of extralinguistic
reference” (p. 367).
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Short term referents

A normal referent survives for a while:

I found Mary’s cat and kept it. Then it ran away.

A short term referent can die abruptly (Heim 1983):

Everybody found a cat and kept it. *Then it ran away.
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Introducing short-term referents

Short-term discourse referents are generally introduced with
one of the following determiner series:

every everyone, everything, everywhere, every man, . . .
some someone, something, somewhere, some man, . . .

any anyone, anything, anywhere, any man, . . .
no noone, nothing, nowhere, no man, . . .
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Universal quantification every

∀x[loves(Mary, x)]

 

Mary loves everything.
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Universal quantification + negation no/any

∀x[¬loves(Mary, x)]

 

Mary loves nothing. Mary doesn’t love anything.
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Relative scope also important

¬∀x[loves(Mary, x)]

 

Mary doesn’t love everything.

∀x[¬loves(Mary, x)]

 

Mary doesn’t love anything.
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Conditional protasis indefinite

∀x[loves(Doug, x)→ loves(Mary, x)]

 

If Doug loves something, then Mary loves it.
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Different determiners, different lifespans

Referents introduced by indefinites last longer:

If a farmer owns
{

ai donkey
*everyi donkey

}
, then he beats itj.
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Goals of present work

I Enforce lifespan limitations for short-term discourse
referents

I Introduce short-term discourse referents appropriately,
given the combination of non-logical constants that take
scope over the corresponding variable
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Outline

Previous Work

The Cyc system
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Related areas

Many related strands of research:
I (tactical) natural language generation
I generating referring expressions
I coreference
I dynamic semantics

None solves the problem completely.
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Natural language generation

I NL generation can be ‘tactical’ or ‘strategic’; this is tactical.
I Other tactical sentence generators exist.
I Do not deal with (non-)referring expressions.

Unification Categorial Grammar: Calder et al. (1989); LFG Wedekind
and Kaplan (1996); Wedekind (1999); HPSG: Wilcock and Matsumoto
(1998); Carroll et al. (1990); TAG: Becker (1998); Semantic head-driven
generation: Shieber (1990); Van Noord (1994); Wilcock and
Matsumoto (1998); Kikui (1992); Tuells et al. (2008)
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Generating referring expressions

I Multiple books, one on table the book on the table
I Does not address non-referring expressions.

Horacek (1988); Dale (1989); Reiter and Dale (1992); Dale and Reiter
(1994); Copestake et al. (1995); Shaw and McKeown (2000); Krahmer
et al. (2003); Van Deemter (2002); Siddharthan and Copestake (2004);
Varges and Deemter (2005); Kelleher and Kruijff (2006); Paraboni
et al. (2007); Areces et al. (2008)

16 / 42



Introduction Previous Work The Cyc system Coda References

Theories of coreference/anaphora

I Applicable to referring and non-referring expressions.
I Some work is “dynamic, in that the core of these models is

an account of the impact of an utterance on the information
state of conversational participants” (Beaver 2004).

I But does not deal with lifespan limitations or how to
introduce short-term discourse referents.

Grosz et al. (1983); Gundel et al. (1993); Brennan (1995); Grosz
et al. (1995); Beaver (2004)...
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Dynamic Semantics

I Dynamic semantics is designed for non-referring
expressions.

I DRSs of DRT are built up during interpretation.
I Dynamic Montague Grammar (Groenendijk and Stokhof

1990), Compositional DRT (Muskens 1996), Van Leusen
and Muskens (2003) are declaratively stated; use them?

I No; it is not standard predicate logic into which these
theories translate natural language.

Heim (1982); Kamp and Reyle (1993); Groenendijk and Stokhof
(1990, 1991); Muskens (1996); Groenendijk et al. (1996);
Van Leusen and Muskens (2003)...
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Outline

Previous Work

The Cyc system
Discourse Context
Operator Context
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Two forms of context

The present system employs two forms of context:
Discourse context: Lists discourse referents.
Operator context: Stores information about scopal operators.
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Side effects

I We recursively define a generation function G(α), where α
can be any expression of the logic

I G depends not only on α, but also on the discourse context
D and the operator context O

I G can modify D and O
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Discourse Context

Discourse context

A discourse context D contains a set of discourse referents,
composed of:

I a logical expression α, either an individual-denoting
closed term or a variable ranging over individuals.

I index features: person, number and gender
I These will not be shown.
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Discourse Context

Letting discourse referents be variables or constants

DRT treats all discourse referents as variables. Issues:

I Conversion to PL is complicated (Kamp and Reyle 1993):

x, y
Mary(x)
dog(y)

owns(x, y)

 ∃xy[x = Mary ∧ dog(y) ∧ owns(x, y)]

I Allowing constants to be discourse referents eliminates the
need for ‘external anchoring’ (Muskens 1996).

I Natural from NL generation perspective.
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Discourse Context

An example syntax tree

[
PHON “Mary loves herself”
SEM loves(Mary,Mary)

]

[
PHON “Mary”
SEM Mary

]
[

PHON “loves”
SEM loves

] [
PHON “herself”
SEM Mary

]

D: {Mary}
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Discourse Context

Discourse referents corresponding to variables

[
PHON “Everything likes itself”
SEM ∀xlikes(x, x)

]

[
PHON “Everything”
SEM x

]
[

PHON “likes”
SEM likes

] [
PHON “itself”
SEM x

]

D: {x}
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Discourse Context

Lifespan limitations

If α is a quantificational sentence binding a variable ξ, then ξ
must be removed from D after computing G(α).
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Discourse Context

Lifespan limitations

D: {Doug, x,Mary}

∀x¬[loves(Doug, x)] ∧ ∀x[loves(Mary, x)]

 

Doug loves nothing and Mary loves everything
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Discourse Context

Suppose we did not remove x from D...

D: {Doug, x,Mary}

∀x¬[loves(Doug, x)] ∧ ∀x[loves(Mary, x)]

 

Doug loves nothing and Mary loves it← bad!
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Discourse Context

Returning to Heim’s cat example

∀x∃y[found(x, y) ∧ kept(x, y)]

 

Everybody found a cat and kept iti.

Now, x and y are removed from the discourse context.

Iti ran away. ← impossible
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Operator Context

Operator Context: Definition

We define an operator context O as a tuple 〈V,S,n〉where
I V is a set of variable type entries v = 〈α, θ, τ〉, where:

I α is a variable over individuals,
I θ is a quantifier symbol
I τ is a type

I S is a stack of logical symbols
I n is an integer representing the number of negations

remaining to be expressed.
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Operator Context

Constructing a clausal skeleton

V: {〈x,∀,Farmer〉, 〈y,∀,Donkey〉}

∀x∀y[isa(x,Farmer) ∧ isa(y,Donkey) ∧ beats(x, y)→ loves(x, y)]

 

If a farmer owns a donkey, then he beats it.
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Operator Context

Clausal skeletons: Eliminating the antecedent

V: {〈x,∀,Man〉}

isa(x,Man)→ loves(x,Mary)

 

Every man loves Mary.
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Operator Context

Negation stripping

I When α is of the form ¬φ, the clausal skeleton of α is φ.
I No variable type entries are produced in this case.
I But the counter representing the number of unexpressed

negations, n, is incremented.
I And ¬ is pushed onto the operator stack.
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Operator Context

Updating the operator stack

I If α ∼ ∀ξφ, then push ξ onto S and pop it off after G(α).
I If α ∼ ¬φ then push ¬ onto S and pop it off after G(α).
I If α ∼ φ→ ψ then push→ onto S and pop it off after G(φ).
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Operator Context

Determiner selection algorithm: Computing π

Let θ = the variable’s quantifier.
I If θ = ∀, is the variable is deeper on the stack than an NPI

licenser (→ or ¬)?
I If so, set π equal to the NPI licenser

I If θ = ∃, is there an NPI licenser is deeper than it?
I If so, set π equal to the NPI licenser

If the variable has no NPI licenser, then π is null.
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Operator Context

Determiner selection algorithm

Given a variable type entry 〈ξ, θ, τ〉 the determiner is chosen
via the following algorithm:

I If R(ξ) ∈ D, return DEFINITE.
I If π is non-null:

I If π = ¬ and n > 0, then return NO and decrement n by one.
I Otherwise,

I If this will be the only realization of the variable, return NPI.
I Otherwise, return INDEFINITE.

I If θ = ∀, return UNIVERSAL.
I Otherwise, return INDEFINITE.
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Operator Context

Example: nothing

V: {〈x,∀,Thing〉}
S: 〈x,¬〉
D: 〈Mary, x〉
n: 01
π = ¬, n = 1, so determiner = NO

∀x¬[loves(Mary, x)]

 

Mary loves nothing
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Operator Context

Example: anything

V: {〈x,∀,Thing〉}
S: 〈x,¬〉
D: 〈Mary, x〉
n: 01
π = ¬, n = 0, only realization, so determiner = NPI

∀x¬[loves(Mary, x)]

 

Mary doesn’t love anything
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Operator Context

Example: Donkey sentence

V: {〈x,∀,Farmer〉, 〈y,∀,Donkey〉}
S: 〈x, y,→ 〉
D: {x, y}
π =→, multiple realizations, so determiner = INDEFINITE

∀x∀y[isa(x,Farmer) ∧ isa(y,Donkey) ∧ owns(x, y)→ beats(x, y)]

 

If a farmer owns a donkey, then he beats it.
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Operator Context

Interaction between determiners and lifespans

V: {〈x,∀,Farmer〉, 〈y,∀,Donkey〉}
S: 〈x,→ , y〉
D: {x, y}

∀x[isa(x,Farmer) ∧ ∀y[isa(x,Donkey)→ owns(x, y)]]→ . . .

 

If a farmer owns every donkey, then . . .

Now y is not in D⇒ no anaphora to every donkey
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Summary

I Translating predicate logic to English requires generating
referring and non-referring expressions.

I Our solution uses a dynamically-updated discourse context
D and operator context O.

I D is used for referring and non-referring expressions
I O is used for introducing non-referring expressions

I The system produces appropriate quantificational and
anaphoric expressions, and enforces lifespan limitations on
discourse referents.
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Thank you!

Thanks to two anonymous reviewers, Lucas Champollion and
Elias Ponvert, and David Beaver for feedback. This work was
partially supported under the DARPA Rapid Knowledge
Formation program.
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