A Syntax-Semantics Interface with Synchronous Tree

Description Grammars

Laura Kallmey1 Introduction

There has been very little work on semantics in TAG-related formalisms, though this is obviously an important subIn this paper, I will presena syntax-semantics interface using synchronous Tree Description (TDG). TDGs, introduced in Kallmeyer (1996a,b), are derivation-based mars consisting of (possibly underspeci@ed) formulas of a quanti@er-free order logic. In each derivation step a formula is extended by building conjunction of this formula, a new formula of the grammar and equivalences between node names. As we will see, one of the advantagesofTDGsisthatderspeci@edrepresentationsarepossiblebytheverynatureofTDGs,inwhicaformulamaydenotemorethanonetree.

With respect to semantics in TAGs, Shieber and Schabes (1990) propose use a second TAG for the semantics besides the one for the syntax with some

additional relation between these two grammars. Following this approach, I will establish a relation between syntax and semantics for French by using synchronous TDGs. The architecture is such that one syntax TDG, G syn, connected by a synchronization relation with a TDG, G , describing a truthconditional semantics. Derivation is done in parallel in this pair of TDGs.

Most theories in the Montagovian tradition assume syntax and semantics to bclosely related. Because of this, these systems need higher order logics and like Quanti@er Raising and Quantifying In. As we will see, with syncTDGs (STDG), the semantics also depends on the syntax in a compway, but the relation between syntax and semantics is less close than in tagovian theories. Therefore no additional mechanisms are required, and the

truth-conditional logic can be relatively simple.

In this paper, I will @rst brieEy explain the TDG formalism. Then I give a formal de@nition of synchronous TDGs. Before considering the synsemantics interface, I will introduce the general form of G

, i.e. the expressions that are possible words in the language and the nonterminals that occur in G

sem

. Further, after that, I will deal with the relation between syntax

and semantics by treating some special cases, and, @nally, I will show that underspeci@ed representations for scope ambiguities are possible in this approach.

1

2 Tree Description Grammars

TDGs (see Kallmeyer (1996b)) are constraint-based TAG-like grammars. The de@nition of TDGs was motivated by the concept of quasi-trees (see Vijay- Shanker (1992)). The tree logic used for TDGs is very similar to the one Rogers (1994) proposes for TAGs.

The tree logic used for TDGs is a quanti@er-free @rst order logic with variables K (node names), binary relations A (parent or immediate dominance),

A

C

(dominance), ^ (linear precedence) and Y (equality), a symbol F for the

labelling function and logical connectives :, ^ and ˙. Satisfaction is de@ned with respect to special models (@nite labelled trees) and variable assignmenfunctions. Using inference rules, a sound and complete notion of syntactic consequence can be de@ned for this logic.

The formulas in TDGs are such that certain subtrees are uniquely describtogether with dominance relations between these subtrees. These formulas called descriptions. More formally, a negation free formula ^ is a description at least one k 2 K in ^ dominates all other k

2 K in ^ (k is called minimal ^), and for all k

2 ) 2(

2 ) iC

2

= fk 2 Kj there is a k 0 2 K such that k = f

K (k )g. Each element of a class in D is called an elementary description of G.

3. ^ S is a description (with N and T ), the start description.

Marked names are important for the derivation. Startingfrom^

S

,ineachstep (^ )^

0

)thenewdescription^

0

istheconjunctionoftheolddescription^, newelementary andnewequivalences

De@nition 1 (STDG) hG

De@nition 2 (Synchronous Derivation) Let G s = h

1 ) l

^ 0 2 l^ 0

0 0

De@nition 3 (Language) Let G s

= hG

De@nition 4 (Terms in T Y (2)) 1. For all types T , there are @nite sets KT of constant terms of type T .

2. There is a countable set V of variables that are terms of type e.

3. For terms “

De@nition 5 (T Y (2)-model) A T Y (2)-model is a tuple hD t; ; D s

; Ii with:

1. Dt; D eand Ds are pairwise disjoint nonempty sets with Dt = ftrue; f alseg (the truth values) and De @nite (the individuals). Ds are the situations.

2. For types T 1

;T

2 i

:= D

D

T1 T2 (set of all functions from D

T

1 to D

T

2 ).

3. I : fk; k 2 K T for some type T g ! fd; d 2 D T for some type T g is a function with I(k ) 2 D

T for all k 2 K

T and all types T .

De@nition 6 (Interpretation) Let M = ht ; D

e

; D

s

; Ii be a model, g : V ! D

an assignment function. For a term “, [[“ ]] g

M is inductively de@ned:

1. For all constants a: [[a]]

g M

= I(a), and for all x 2 V : [[xM = g(x). 2. For all terms “ 0 M for al l a 2 D e

, where g 0 (x) = a and g 0 (y) = g(y) for al l y 2 V n fxgSince L

() contains syntactic trees of terms in T Y (2), the nonterminals of

G sem are syntactic categories. It might be a problem to use types as nontermi-

nals, because there are in@nitely many types. Therefore several types fall under

one syntactic category. The nonterminals occuring in the fragment presenin this paper - prop for propositions (type hs; ti),

- ind for individuals (type e),

- pred for predicates that take individuals as arguments and that give a propo-

sition (types he; hs; tii or he; he; hs; tiii or he; he; he; hs; tiiii etc.),

- mod for ob jects of a type hT ; T i, where T is a type,

- q for quantifying phrases (type hhe; hs; tii; hhe; hs; tii; hs; tiii),

- gq for generalized quanti@ers (type hhe; hs; tii; hs; tii)

5 Individual predicates

In the following two sections, a fragment of the STDG consisting of G syn G

sem together with a synchronization relation � is presented. The synTDG G

syn follows the proposals made in the TAG literature, namely AbeillSe

(1988a,b).

First, elementary descriptions for individual predicates are introduced. These

arepredicateswithcategorypred,i.e.denotationsofverbs,nounsandintersec-

tive adjectives.

Nouns are usually embedded in a NP. Therefore it can be supposed that in description derived in G sem before adding the elementary description semof the noun, there is a node name with category pred. This node name comes from the elementary description of the determiner of the NP the noun is embedded in and it must be identi@ed with the minimal name of sem. Fig. 1 shows

5 sysem

hnouni N k ψ_{syn} = k

1

�^C k

2∧ k_2 � k_3 ∧ · A · ψ_{sem} = k_4 �^C k5 ∧ k5 � k6 ∧ · A ·

Synchronization: {⟨k_1, k_4⟩, ⟨k_2, k_5⟩}

F⟩}⊓∇⌉ ∞¬ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ {≀∇ \≀⊓\∫

⊔⟨⌉ }⌉\⌉∇⊣↕ {≀∇⇕ ≀{ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ {≀∇ \≀⊓\∫↙ ⇐I\ ⊔⟨⌉ ℵ}⊓∇⌉∫⇔ ⊔⟨⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ∇⌉√∇⌉∫⌉\⊔⌉⌈ }∇⊣√⟨⟩⌋⊣↕↕† ≀\ ⊔⟨⌉ ↕⌉{⊔ ∫⟩⌈⌉ ⟩∫ ⊔⟨⌉ ≀\⌉ ⟩\ G

∫†\

⊣\⌈ ⊔⟨⌉ ≀\⌉ ≀\ ⊔⟨⌉ ∇⟩}⟨⊔ ∫⟩⌈⌉ ⟩∫ ⊔⟨⌉ ∇⌉↕⊣⊔⌉⌈ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩\ G ∫⌉⇕ ↙ D≀⇕⟩\⊣\⌋⌉ ∇⌉↕⊣⊔⟩≀\∫

⊣∇⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⌊† ⌈≀⊔⊔⌉⌈ ⌉⌈}⌉∫ ⊣\⌈ √⊣∇⌉\⊔ ∇⌉↕⊣⊔⟩≀\∫ ⌊† \≀∇⇕⊣↕ ⌉⌈}⌉∫↙⇒ O\⌉

⟨⊣∫⊔≀‖⌉⌉√⟩\⇕⟩\⌈⊔⟨⊣⊔⊔⟨⌉≀⌊|⌉⌋⊔∫ ⊒⌉ ⊣∇⌉ ⌋≀\⌋⌉∇\⌉⌈ ⊒⟩⊔⟨ ⌈⊓∇⟩\} ⊣ ⌈⌉∇⟩⊑⊣⊔⟩≀\ ⊣∇⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫⇔ ⟩↙⌉↙ {≀∇⇕⊓↕⊣∫ ∇⌉√∇⌉∫⌉\⊔⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔∇⌉⌉∫↙ T⟨⌉ √⟩⌋⊔⊓∇⌉∫ ⊣∇⌉ ≀\↕† }∇⊣√⟨⟩⌋⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ≀{ {≀∇⇕⊓↕⊣∫↙

N P ‖

Synchronization: {⟨k 1 , k_4⟩, ⟨k_2, k 6 ⟩, ⟨k_3, k_5⟩} F⟩}⊓∇⌉ ∈¬ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ {≀∇ ⊔∇⊣\∫⟩⊔⟩⊑⌉ ⊑⌉∇⌊∫ Verbs are heads (or anchors) of a whole sentence, i.e. the expression headed by the verb should denote a proposition. Therefore the minimal name of an elementarydescriptionofaverbinG semmustbelabelledbyprop. Elementary descriptions of transitive verbs are shown in Fig. Intersective adjectives (e.g. color adjectives or adjectives as beau (beautifulgrand (big, huge), etc.) are interpreted as predicates of type he; hs; tii. Com-

bining such an adjective with a noun, the result is a predicate that is true an individual a in a situation s iC both, the interpretation of the adjective of the noun, are true for a in s. Obviously, it is not possible to apply an intersective adjective directly to the noun it modi@es because both have the same type. But using U-abstraction and a constant et

0 to combine two propan elementary description can be constructed that captures the intersective combination of the two predicates. et

0 is the conjunction of two propositions:

I(et 0) 2 D

hhs;ti;hhs;tihs;tiii with I(et0)(p

0 i

pred

x ind prop

mod

pred k

Synchronization: {⟨k 1

, k_3

⟩, ⟨k

2 , k

⟩}

F⟩}⊓∇⌉ ∋¬ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ≀{ ⟩\⊔⌉∇∫⌉⌋⊔⟩⊑⌉ ⊣⌈|⌉⌋⊔⟩⊑⌉∫

⊣ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩∫ ⊓∫⌉⌈ {≀∇ ⊣ ⌈⌉∇⟩⊑⊣⊔⟩≀\ ∫⊔⌉√⇔ ⊔⟨⌉ ⊑⊣∇⟩⊣⌊↕⌉ § ⟩\ ⊔⟨⌉ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ⇕⊓∫⊔ ⌊⌉ ⟩\∫⊔⊣\⊔⟩⊣⊔⌉⌈ ⌊† ⊣ \⌉⊒ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⊑⊣∇⟩⊣⌊↕⌉↙ F⟩}↙ △ ∫⟨≀⊒∫ ⊔⟨⊣⊔⌋≀⇕⌊⟩\⟩\}∫⊓⌋⟨⊣\⌉↕⌉⇕⌉\⊔⊣∇†⌈⌉∫⌋∇⟩√⊔⟩≀\⊒⟩⊔⟨⊔⟨⌉⌉↕⌉⇕⌉\⊔⊣∇†⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊣ \≀⊓\⇔ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⟩∫ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\↙ F≀∇ ⇕⊣⟩∫≀\ ⌊↕⌉⊓⌉ ⇐⌊↕⊓⌉ ⟨≀⊓∫⌉⇒ ⊔⟨⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⌈⌉∇⟩⊑⌉⌈ ⟩\ G ∫⌉⇕ ⟨⊣∫ ≀\⌉ ⇕⟩\⟩⇕⊣↕ ⊔∇⌉⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⊔⌉∇⇕ U§⇐⌉⊔ ′⇐⌊↕⌉⊓ ′⇐§⇒⇒⇐⇕⊣⟩∫≀\ ′⇐§⇒⇒⇒ ≀{ ⊔†√⌉ ⟨⌉∅ ⟨∫∅ ⊔⟩⟩ ⊣∫ ∫⊔∇⟩\}↙

U§

⌉⊔ ′

⌊↕⌉⊓ ′ √∇⌉⌈

§

⟩\⌈ √∇≀√ ⇕≀⌈

⇕⊣⟩∫≀\ ′

√∇⌉⌈

√∇⌉⌈ § ⟩\⌈

√∇≀√

√∇≀√

√∇⌉⌈

√∇⌉⌈

F⟩}⊓∇⌉ △¬ ∫⌉⇕⊣\⊔⟩⌋ ⊣\⊣↕†∫⟩∫ ≀{ ⇕⊣⟩∫≀\ ⌊↕⌉⊓⌉ T⟨⟩∫ ⊣\⊣↕†∫⟩∫ ≀{ ⟩\⊔⌉∇∫⌉⌋⊔⟩⊑⌉ ⊣⌈|⌉⌋⊔⟩⊑⌉∫ ⇕⊣‖⌉∫ ⌋↕⌉⊣∇ ⊔⟨⊣⊔ ⟩⊔ ⟩∫ \≀⊔ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌋⟨≀≀∫⌉ ⌋≀⇕√↕⌉§ ⊔†√⌉∫ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⊔⊣‖⌉ ⟩\⊔≀ ⊣⌋⌋≀⊓\⊔ ⊣↕↕ √≀∫∫⟩⌊↕⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊣\ ⌉§√∇⌉∫∫⟩≀\ ⌋⊣\ ≀⌋⌋⊓∇ ⟩\↙ T⟨⌉ ↕⊣∇}⌉∇ ⌈≀⇕⊣⟩\∫ ≀{ ↕≀⌋⊣↕⟩⊔† ⌉\⊣⌊↕⌉ ⊓∫ ⊔≀ ⌋⟨≀≀∫⌉ ⌈⟩C⌉∇⌉\⊔ ∫⌉⇕⊣\⊔⟩⌋ ⌋≀\⊔⌉§⊔∫ ⇐⟩↙⌉↙ ⌈⟩C⌉∇⌉\⊔ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ⟩\ G ∫⌉⇕⇒ {≀∇

← ∫†\

⟨∐⊓⊣\⊔⟩ D⌉⊔

N ‖

K_ψ sem = {k_4, k_5}

Synchronization: ⟨k 1 , k_5⟩ and ⟨k_2 , k

3

⟩

F⟩}⊓∇⌉ ▽¬ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ {≀∇ ∐⊓⊣\⊔⟩{†⟩\} √⟨∇⊣∫⌉∫

⊣\ ⌉§√∇⌉∫∫⟩≀\ ⌈⌉√⌉\⌈⟩\} ≀\ ⟩⊔∫ ⌉↕⌉⇕⌉\⊔⊣∇† ∫†\⊔⊣⌋⊔⟩⌋ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩\ ∫†\ ↙

̸Q⊓⊣\I\ ⊔⟨⟩∫ ⊣√√∇≀⊣⌋⟨⇔ NP∫ ⊣∇⌉ ⊔∇⌉⊣⊔⌉⌈ ⊣∫ }⌉\⌉∇⊣↕⟩‡⌉⌈ ∐⊓⊣\⊔⟩ℵ⌉∇∫ ⇐∫⌉⌉ B⊣∇⊒⟩∫⌉ ⊣\⌈

C≀≀√⌉∇ ⇐∞∃∀∞⇒⇒ ⊒⟩⊔⟨ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\∫ ≀{ ⊔†√⌉ ⟨⟨⌉∅ ⟨∫∅ ⊔⟩⟩∅ ⟨∫∅ ⊔⟩⟩↙ T⟨⌉ ⌈⌉⊔⌉∇⇕⟩\⌉∇ ≀∇

∐⊓⊣\⊔⟩{†⟩\} √⟨∇⊣∫⌉ ⌈⌉\≀⊔⌉∫ ⊣\ ≀⌊|⌉⌋⊔ ≀{ ⊔†√⌉ ⟨⟨⌉∅ ⟨∫∅ ⊔⟩⟩∅ ⟨⟨⌉∅ ⟨∫∅ ⊔⟩⟩∅ ⟨∫∅ ⊔⟩⟩⟩ ⊒⟩⊔⟨

⊔⊒≀ ⊣∇}⊓⇕⌉\⊔∫ ⇐∇⌉∫⊔∇⟩⌋⊔⟩≀\ ⊣\⌈ ⌊≀⌈†⇒⇔ ⌊≀⊔⟨ ≀{ ⊔†√⌉ T†√ ⟨⌉∅ ⟨∫∅ ⊔⟩⟩↙

E↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ≀{ ∐⊓⊣\⊔⟩{†⟩\} √⟨∇⊣∫⌉∫ ⟩\ G ∫⌉⇕ ⇕⊓∫⊔ ⌊⌉ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⊒⟨⌉\ ⊣√√↕†⟩\} ⊔⟨⌉ ∐⊓⊣\⊔⟩{†⟩\} √⟨∇⊣∫⌉ ⊔≀ ⊔⟨⌉ \≀⊓\ √∇⌉⌈⟩⌋⊣⊔⌉ ≀{ ⊔⟨⌉ N P ⇔ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⇕⊓∫⊔ ⌊⌉ ⊣ ⇐}⌉\⌉∇⊣↕⟩‡⌉⌈⇒ ∐⊓⊣\⊔⟩ℵ⌉∇↙ T⟨⟩∫ ∐⊓⊣\⊔⟩ℵ⌉∇ ⊔⟨⌉\ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⊣\≀⊔⟨⌉∇ √∇⌉⌈⟩⌋⊣⊔⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊔⟨⌉ U↖⊣⌊∫⊔∇⊣⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⊒⟨≀↕⌉ √∇≀√≀∫⟩⊔⟩≀\ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊔⟨⌉ ⊣∇}⊓⇕⌉\⊔ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ N P ↙ T≀ ⌋⊣√⊔⊓∇⌉ ⊔⟨⟩∫⇔ ⌉↕⌉⇕⌉\⊔⊣∇† ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ {≀∇ ∐⊓⊣\⊔⟩{†⟩\} √⟨∇⊣∫⌉∫ ⊣∇⌉ ⊣∫ ⟩\ F⟩}↙ ▽↙ T⟨⌉ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ }⊓⊣∇⊣\⊔⌉⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ \≀⊓\ ⊣⌈⌈⌉⌈ ⟩\ G ∫†\ ⊓\⌈⌉∇ ‖

1

un

0 q

homme

0 pred gq

Ux prop k3 pred prop k

2

chaque

0 q

f emme 0 pred gq

Uyprop k 5 pred prop k

4

aime 0 pry ind pred

x ind prop k

k �^� k2 ∧ k1 �^�

k_4 ∧k_3 �^� k_6∧ k_5 �^� k_6 · · ·

F⟩}⊓∇⌉ ¬ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⟩\ G ∫⌉⇕ {≀∇ ⊓\ ⟨≀⇕⇕⌉ ⊣⟩⇕⌉ ⌋⟨⊣∐⊓⌉ {⌉⇕⇕⌉

D⌉↖∇⌉ ⌈⌉↖⌈⟩⌋⊔≀ ⊣⇕⌊⟩}⊓⟩⊔⟩⌉∫ ⌋⊣\ ⊣↕∫≀ ⌊⌉ ⊣\⊣↕†‡⌉⌈ ⌊† ⌈⌉∇⟩⊑⟩\} ⊓\⌈⌉∇∫√⌉⌋⟩ℵ⌉⌈ ∇⌉∫⌉\⊔⊣⊔⟩≀\ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ≀\⌉ ⟩\ F⟩}↙ ↙

F⟩}↙ ∀ ∫⟨≀⊒∫ ⊔⟨⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ⌈⌉∇⟩⊑⌉⌈ ⟩\ G ∫⌉⇕ {≀∇ ⊔⟨⌉ \≀⇕⟩\⊣↕ ∞