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Clause-medial connectives
Another problem of the discourse-syntax interface
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]1.

At the clause-level, a clause-medial connective is a VP modifier.

A discourse unit is not only a VP, but the entire clause.

Mismatch between the clause-level and discourse-level analyses of clause-medial connectives
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Grammatical approach to the discourse-syntax interface
Discourse formalisms

Discourse formalisms and their properties

Parsing Generation Tree DAG Clause-medial conn.
G-TAG
(Danlos, 1998)

7 3 3 7 7

D-LTAG
(Webber & Joshi, 1998)

3 7 3 7 7

D-STAG
(Danlos, 2011)

3 7 3 3 7

Ad hoc encoding of clause-medial connectives

Prohibits having reversible grammars – both parsing & generation

Prohibits generalizations
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Goals

Overcome the problems related to clause-medial connectives
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I Solve them using ACGs

Study existing discourse formalisms with ACGs + incorporate clause-medial connectives

Develop tractable encodings
I Discourse parsing
I Discourse generation
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Synchronous TAG (STAG)
(Shieber&Schabes, 1990)

Elementary structures - pairs of TAG trees 〈tsyn, tsem〉
Correspondence between nodes of tsyn and tsem

Parallel operations on corresponding nodes

Example

〈 S 1©

NP↓ 3© VP 2©

V

laughs

F 1© 2©

R

laugh

T ↓ 3©〉
(a) αlaughs

〈 NP 1©

Fred

T 1©

fred
〉

(b) γFred

〈 VP 1©

Adv

loudly

VP∗

F 1©

R

loudly

F∗ 〉
(c) δloudly

Figure – STAG elementary structures
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D-LTAG, G-TAG, and D-STAG elementary trees

Discourse-level grammar : D-LTAG

Subordinating conjunctions Coordinating conjunctions Adverbials

Du

Du↓ because Du↓

Du

Du∗ and Du↓

Du

then Du∗

Discourse-level grammar : G-TAG

Subordinate conjunctions Adverbial connectives

Du

Du ↓ PP

conj Du ↓

Du

Du ↓ Du

adv Du ↓

Discourse-level grammar : D-STAG

Postposed conjunctions Preposed conjunctions Adverbial connectives

Du

Du

Du∗ Punct

,

DC

conj

Du

Du↓

Du

Du

DC

conj

Du

Du↓

Punct

,

Du∗

Du

Du

Du∗ Punct

.

DC

adv

Du

Du↓

Clause-level
grammar

S

S∗ because S↓

Clause-level
grammar

S

S↓ although S↓

Clause-level
grammar

S

while S↓ S∗
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Extraction of trees and construction of an input for a discourse parser

While she was eating lunch, she saw a dog

Syntactic analysis αsaw
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αeating
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Constructing elementary trees of D-LTAG

Du

dsaw

Du
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Du

while Du↓ Du↓
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An approach to clause-medial connectives

Elementary tree

Du

Du↓ . Du

ADV

adv

Du↓

A possible analysis

Du

Du ↓ . Du ↓

VP

VP adv

Du

VP

How to encode such a constraint with TAG or sl-MCTAG ?
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Discourse Synchronous TAG (D-STAG)

Characteristics

Based on Synchronous TAG (STAG)

Generates DAGs as discourse structures

Elementary trees - Syntax

Adverbial connectives Postposed conjunctions Preposed conjunctions
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D-STAG Discourse Parsing
Ambiguity

Input (string of clauses and connectives) :

C0 Conn1 C1 Conn2 C2

Du 1©

C0

Du 4©

Du 3©

Du∗ DC

Conn1

Du 2©

Du 1©

C1

Du 4©

Du 3©

Du∗ DC

Conn2

Du 2©

Du 1©

C2

A number of attachment sites with the same yield causes a high ambiguity in parsing.
They are needed for obtaining various semantic interpretations.
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D-STAG semantics

Du 4©

Du 3©

Du∗ Punct

.

DC

adv

Du 2©

Du↓ }

t 4©

ttt → t

Φ′R ttt 3©

λ P t

P t∗

ttt 2©

λ Q t

Q t ↓ }

Φ′R = λX Y .X (λx .Y (λy .R(x , y)))

(t → t)→ t , ttt
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Example : [Fred went to a supermarket]0 because [his fridge was empty]1. Then, [he went

to movies]2.
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Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

ACGs are a grammatical framework

An ACG G generates two languages :
I The abstract languageA(G)
I The object language O(G)

Abstract language : Admissible structures (parse structures, derivations)

Object language : An interpretation of the abstract language

Basic properties

Modularity Both languages are of the same nature – sets of linear λ-terms :
ACGs can be composed

Parsing 2nd order ACGs are reversible (Salvati 2005), (Kanazawa 2007)
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From TAG derivation to TAG derived trees

Derivation trees Their interpretations as derived trees

CFred : NP NP1 Fred
Cleft : SA ( VPA ( NP( S λS A np.S(S2 np (A (VP1 (V1 left))))
CS
then : SA ( SA λA x .A (S2 (Adv1 then) x)

CVP
then : VPA ( VPA λA x .A (V2 x (Adv1 then))

IX : XA λx .x

NP

Fred

S

NP↓ VP

V

left

S

Adv

then

S∗

VP

VP∗ Adv

then
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TAG as ACGs

+ Montague semantics (Pogodalla, 2004)

TAG derivation
trees Λ(ΣTAG)

Derived trees
Λ(Σtrees)

Gderived trees

Strings
Λ(Σstring)

Gyield

Logical formulas
Λ(Σlogic)

GTAG sem.
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TAG as ACGs + Montague semantics (Pogodalla, 2004)

TAG derivation
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Vocabulary Σlogic for Montague semantics

fred : e loudly : t ( t
laugh : e ( t grumpy : e ( t

∧ : t ( t ( t ∨ : t ( t ( t
⇒ : t ( t ( t ¬ : t ( t
∃ : (e → t)( t ∀ : (e → t)( t
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TAG as ACG
Interpretation of TAG derivation trees into Montague semantics

Cfred : NP λo P.P fred

Claugh : SA ( VPA ( NP( S λo sa va subje. sa (subje (va (λox . ((lough x)))))

Cloudly : VPA ( VPA λo vpa r . vpa (λox . loudly (rx))

IXA
λx .x

Example

Fred loudly laughs.

L sem
TAG(Claugh ISA

(Cloudly IVPA
) CFred)�β loudly (laugh Fred) : t
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2 Discourse formalisms
Properties of grammars of D-LTAG, G-TAG, D-STAG
Discourse parsing
Problem of clause-medial connectives & a possible analysis
D-STAG

3 ACG
Definition & basic properties
TAG as ACG
TAG with semantics as ACG

4 D-STAG as ACG
D-STAG as ACGs + clause-medial connectives
D-STAG as ACGs with labeled semantics



D-STAG as ACGs

D-STAG
derivation trees

Λ(ΣD-STAG)

Derivation trees
Λ(ΣTAG)

Gdisc-clause int.

Derived trees
Λ(Σtrees)

Gderived trees

Strings
Λ(Σstring)

Gyield

Logical formulas
Λ(Σlogic)

GD-STAG sem.
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Discourse grammar with ACGs

Adverbial Connectives : Du

Du

Du∗ Punct

.

DC

adv

Du

Du↓

dthen: DuA ( DuA ( DuA ( Du( DuA

dV
then: DuA ( DuA ( DuA ( (VPA ( Du)( DuA

dS
then: DuA ( DuA ( DuA ( (SA ( Du)( DuA

3rd order ACG – no polynomial parsing property !
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D-STAG as ACGs
2nd order ACGs

From D-STAG derivation trees to TAG derivation trees

Du := SA ( VPA ( S
(DC, DuA ( DuA ( DuA ( Du( DuA)

dS
then: DC := λod1 d2 d3 du. cons d1 d2 d3 (du CS

then IVP)

dV
then: DC := λod1 d2 d3 du. cons d1 d2 d3 (du IS CVP

then)
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D-STAG as ACGs – semantic interpretations

(4) [Fred went to a supermarket]0 because [his fridge was empty]1. Then, [he went to movies]2.

because

F0 F1

then

F2

D-STAG as ACGs

(EXPLANATION
(∃!x . (supermarket x) ∧ (go-to fred x))
(∃!x . (fridge x) ∧ (empty x)))

∧
(NARRATION

(∃!x .(supermarket x) ∧ (go-to fred x))
(∃!x . (movies x) ∧ (go-to fred x)))

29/34
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D-STAG as ACGs – semantic interpretations

(4) [Fred went to a supermarket]0 because [his fridge was empty]1. Then, [he went to movies]2.

because

F0 F1

then

F2

D-STAG as ACGs – How to express that the two are the same ?

(EXPLANATION
(∃!x . (supermarket x) ∧ (go-to fred x))
(∃!x . (fridge x) ∧ (empty x)))

∧
(NARRATION

(∃!x .(supermarket x) ∧ (go-to fred x))
(∃!x . (movies x) ∧ (go-to fred x)))

29/34



Labeled semantic interpretations
Σ`logic - a signature for labeled semantics

Atomic types : {e, t, `}

Predicates have one additional argument of type ` for labels

Argument of discourse relations are of type ` (labels)

fred, he : e EXPLANATION : `→ `→ `→ t
sleep, bad-mood, exam : e → `→ t CONTINUATION : `→ `→ `→ t
love, miss, fail : e → e → `→ t NARRATION : `→ `→ `→ t
∀,∃, ∃! : (e → t)→ t ∃l : (`→ t)→ t

· · · · · ·
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Labeled semantic trees

Unlabeled (t → t)→ t , ttt

ttt 4©

ttt → ttt

ttt → ttt → ttt

Φ R

ttt 3©

ttt∗

ttt 2©

ttt ↓ }

Φ
′′
R = λX . λY . λP.X (λ x . (Y (λ y . (R x y) ∧ P(x))))

Labeled (`→ t)→ t , `tt

`tt 4©

`tt → `tt

`tt → `tt → `tt

Φ` R`

`tt 3©

`tt∗

`tt 2©

`tt ↓ }

Φ
′′
l R` = X Y P. ∃l l . X (λ x . Y (λ y . (P x) ∧ (R` x y l)))



Labeled semantic trees

Unlabeled (t → t)→ t , ttt

ttt 4©

ttt → ttt

ttt → ttt → ttt

Φ R

ttt 3©

ttt∗

ttt 2©

ttt ↓ }

Φ
′′
R = λX . λY . λP.X (λ x . (Y (λ y . (R x y) ∧ P(x))))

Labeled (`→ t)→ t , `tt

`tt 4©

`tt → `tt

`tt → `tt → `tt

Φ` R`

`tt 3©

`tt∗

`tt 2©

`tt ↓ }

Φ
′′
l R` = X Y P. ∃l l . X (λ x . Y (λ y . (P x) ∧ (R` x y l)))



Example

(2) [Fred is grumpy]0 because [he lost his keys]1. Moreover, [he failed an exam]2.

R1

F0 R2

F1 F2

dinit.anchor

C0 dbecause

IDu IDu IDu danchor

C1 dmoreover

IDu IDu IDu danchor

C2 IDu

d1 = dinit.anchor C0 (dbecause IDu IDu IDu (danchor C1 (dmoreover IDu IDu IDu (danchor C2IDu))))

:= ∃`l0lR1 .l0:grumpy(fred) ∧ (∃`l1lR2 .(∃!x .l1:keys(x) ∧ l1:lose(fred, x)) ∧
(∃`l2.(∃!x .l2:exam(x) ∧ l2:fail(fred, x) ∧ (lR2:φCont.(l1, l2) ∧ lR1:φExpl.(l0, lR2 )))))))
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Example

(4) [Fred went to a supermarket]0 because [his fridge was empty]1. Then, [he went to the
cinema]2.

R1

F0 F1

R2

F2

dinit.anchor

C0 dbecause

IDu dS
then

IDu IDu IDu danchor

C2 IDu

IDu danchor

C1 IDu

d3 = dinit.anchor C0 (dbecause IDu (dS
then IDu IDu IDu (danchor C2 IDu)) IDu (danchor C1 IDu))

:= ∃`l0 lR1 lR2 .∃!x . l0:supermarket(x) ∧ l0:go to(fred, x) ∧ (∃`l2.(∃!x .l2:movies(x) ∧
l2:go to(fred, x)) ∧ ((∃`l1.(∃!x .l1:fridge(x) ∧

l1:empty(x)) ∧ (lR1:φExpl.(l0, l1) ∧ >)) ∧ lR2:φNar.(l0, l2)))
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