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@ Segmented Discourse Representation Theory (SDRT) (ashertLascarides, 2003)

A discourse and its structure
@ A discourse consists of utterances - minimal discourse units
o Utterances are connected to each other — this creates larger discourse units (DUs)

@ A connection between two discourse units is provided by a rhetorical (discourse)
relation

@ Discourse connections create the discourse structure

Explanation

[Fred is grumpy]o because [his wife is absent for a week];. €™ [This shows

DU

how much he loves her]s.
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Clause-initial connective

(5) [Fred went to the supermarket]o. Then [he went to the cinema]l.

Clause-medial connective

(6) [Fred went to the supermarket]o. [He then went to the cinemq]l.

VP

@ 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

V.
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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

X 4 4 X X
(Danlos, 1998)
D-LTAG v X v X X
(Webber & Joshi, 1998)
D-STAG v X v v X

(Danlos, 2011)

Ad hoc encoding of clause-medial connectives

@ Prohibits having reversible grammars — both parsing & generation

@ Prohibits generalizations
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Discourse modeling with ACGs

Goals

@ Overcome the problems related to clause-medial connectives

> Analyze the problems

> Solve them using ACGs
@ Study existing discourse formalisms with ACGs + incorporate clause-medial connectives
@ Develop tractable encodings

> Discourse parsing
> Discourse generation
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Plan

O TAG

e Discourse formalisms
@ Properties of grammars of D-LTAG, G-TAG, D-STAG
@ Discourse parsing
@ Problem of clause-medial connectives & a possible analysis
o D-STAG

O ACG

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

@ D-STAG as ACG
@ D-STAG as ACGs + clause-medial connectives
@ D-STAG as ACGs with labeled semantics
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Tree-Adjoining Grammar (TAG) (Joshi et al., 1975)

Elementary trees —

> Initial trees : domain of locality
> Auxiliary trees : recursion

Operations on trees — substitution and adjunction

Generated structures — derived trees. Their by-products — derivation trees

Example
TN S o
Fred NP |

V 1
/N
Adv VP* /) laughs

‘ -

loudly

/ \ Qlaughs
\ / \

Fred Adv 2/ / 1
| \ K
IOUdly \‘I Bloudly O Fred
laughs
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Synchronous TAG (STAG)

(Shieber&Schabes, 1990)

o Elementary structures - pairs of TAG trees (tsyn, tsem)
o Correspondence between nodes of tsyn and tsem

@ Parallel operations on corresponding nodes
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Synchronous TAG (STAG)

(Shieber&Schabes, 1990)

o Elementary structures - pairs of TAG trees (tsyn, tsem)
o Correspondence between nodes of tsyn and tsem

@ Parallel operations on corresponding nodes

Example
s@ Hole)
/ N\ / \ ve@D D
NeLQ  ve@ R 1.0 < NP T®> / \ /\
‘ | | | Adv  VP* R F*
v laugh Fred fred |
\ (b) YFred loudly loudly
laughs (€) Sioudy
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Figure — STAG elementary structures
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STAG Example
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D-LTAG, G-TAG, and D-STAG elementary trees

Discourse-level grammar : D-LTAG Clause-level
Subordinating conjunctions  Coordinating conjunctions Adverbials grammar
Du Du Du s
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v
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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 Qsaw
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An approach to clause-medial connectives

Elementary tree

AN
ul - D

D u
/N
ADV Du|
|
adv

A possible analysis

Du
N
Du | . Du |

Du

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

Du Du
\ \

Du Du
N 7 N
Du® Punct DC Du Du* (Punct) DC Du
\ I | I

adv Dul ' conj Dul

Preposed conjunctions

Du
\

Du
/AT
DC Du Punct Du*
\ \ \
conj Dul '
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D-STAG Discourse Parsing

Ambiguity
Input (string of clauses and connectives) :

Co Conny G Conny G

(AN

D;@\\\ Du®
I |
Du® S Du®

N

EE I W BN

Du® Du* DC Du® Du* DC Du®

1
| | . | |

1

Go Conn;  Du@ ¢ Conn, Du@®

G G

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® t@
\ N\
Du® ttt — t ttt@
AN / N\ /1N
Du* Punct DC Du® PR titd N Q t
\ \ \ VARN /\
" adv Dul® APt Qtle
/\
P t*

'R = AX Y.X(Ax.Y(\y.R(x,y)))

(t—1t)—>t=ttt
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D-STAG semantics

Du® ttt@
\ VRN
Du@ ttt — ttt ttt@
/AN SN /N
Du* Punct DC Du@ TR Lt A Q/t\
\ \ \ \
: conn py| @ ttt* Q tlo

"R =AX Y P.X(Ax.Y(\y.R(x,y) A P(x)))
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Example :

to movies)s.
,"‘ ~\~
. N
@y ttt(@
/AN ® N °
ttt — t ! ttt ttt — ttt ttt
7NV /N 7 N\ /1IN
’ "
@ Ry @ A Q@ ¢ @® Ry @ A Q ¢
/N /\ | /\
x P D, @ @ tet* Qe @
IS~ | e \
Fo S~ -7 F

[Fred went to a supermarket]y because [his fridge was empty];. Then, [he went

DC Du
| \
Conny Du @
\
G



Example : [Fred went to a supermarket]y because [his fridge was empty];. Then, [he went
to movies)s.
Du@
------ \
el - RIS bu®
’ ~ ‘
# ttt@
~N ~ pu®
ttt ﬁ»z/l, ttt(2) ttt — ttt ttt(2 _— \ ~_
7 N\~ / 1\ ,/\ VAN LIE) DC Du
@Ry @ A Q ¢ @' Ry w@ A Q@ ¢ /| N\ \ |
/N /\ | /\ ou@® bC Du@  Comna bu D
x P @D, @ @ lm* Qe @ ‘ | ‘ ‘
| So_ | - | onn
Fo D F G o DH‘GD @
S1
(R1Fo Fr1) A (Ra Fo F2)
st )
, FN | \
(& Rq) tet(@) A Q t
tte — m/ \ )] Q/ \rQ)
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Example : [Fred went to a supermarket]y because [his fridge was empty];. Then, [he went

to movies)s.
Ro Du‘(Z_D
N
Rl F2 Du‘@
v N\ Du@
FO Fl 2@ / \ C\ o
u D u!
1\ ‘ \
pu@ D‘C pu@ Germrp pu D
C‘o Conny Du‘@ C‘z
4

(Rl Fo F1) VAN (RQ Fo F2)

HO)
st )
|
(@’ R1) tet(@) A Q \ t
tte — it 0] Q D
FEEN | \ |
”
(" Ry) et Q) A Q t F
O\
tet* Q @
|
A — IL \ ¢ F
N\



Outline

O ACG

@ Definition & basic properties
o TAG as ACG
@ TAG with semantics as ACG



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework

21/34



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework
@ An ACG ¥ generates two languages :

> The abstract language.A(%)
> The object language O(¥)

21/34



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework
@ An ACG ¥ generates two languages :
> The abstract language.A(%)
> The object language O(¥)
Abstract language : Admissible structures (parse structures, derivations)
Object language : An interpretation of the abstract language

21/34



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework
@ An ACG ¥ generates two languages :
> The abstract language.A(%)
> The object language O(¥)
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 A-terms

21/34



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework
@ An ACG ¥ generates two languages :
> The abstract language.A(%)
> The object language O(¥)
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 A-terms :
ACGs can be composed

21/34



Abstract Categorial Grammar (ACG)
(de Groote, 2001)

Main Features

@ ACGs are a grammatical framework
@ An ACG ¥ generates two languages :
> The abstract language.A(%)
> The object language O(¥)
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 A-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

Crred : NP

Cleft : SA —0 VPp —o NP — S
CS ., Sa —oSa

CYP VPp — VPA

/ N\
NP NP, VP

Fred Vv
left

Their interpretations as

NP; Fred

AS A np.5(S2 np (A (VP1 (V1 left))))
AA x.A (S2 (Adv; then) x)

AA x.A (V2 x (Advy then))

/ \
Adv S~*
\
then
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From TAG derivation to TAG derived trees
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From TAG derivation to TAG derived trees

Their interpretations as

Crred : NP NP; Fred
Ceft : SA — VPA —o NP — S AS A np.S(S2 np (A (VP1 (V1 left))))
Cihen : Sa —o Sa AA x.A (Ss (Adv; then) x)
Cihen : VPA —o VPp M x.A (V2 x (Advy then))
Ix : Xa AX.X
S
/ \ S VP
NP NP, VP /N 7\
\ \ Adv S* VP* Adv
Fred Vv \ \
‘ then then
left
Xleft
SN2
Qfred Bthen

t = C/E‘ff Is (Ct\llven lV) CFred
ggyield o gqderived trees(tZ) = Fred + then + left
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TAG as ACGs + Montague semantics (pogodalia, 2000)

~ TAG derivation
trees A(X7a6)

%ew7%
TAG sem.

" Derived trees e Logl cal formulas
A ( p trees) - % \ - /\( 5 Iogic)

S IA}’fe’d

rrrrrrﬁwstringsr BN
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Vocabulary ¥ o4 for Montague semantics

fred
laugh

5@

re—ot
t—ot-—ot
t—ot-—ot

i(e—>t)—ot

loudly
grumpy

t—ot
re—ot
t—ot-—ot
t—ot
i(e—t)—ot
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Interpretation of TAG derivation trees into Montague semantics

Cfred : NP
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TAG as ACG

Interpretation of TAG derivation trees into Montague semantics

Ciea : NP X P.Pfred

Gugh : Sa —o VPy — NP — S X s, v, subje. s, (subje (va (Xx. ((Lough x)))))

Gouty : VPa —o VP, X vp, r. vp, (Xx. loudly (rx))

IXA AX.X

Example
Fred loudly laughs.

sem

e ( Claugn ISA (Gouay IVPA) Crrea) —3 loudly (laugh Fred) : t
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Outline

Q@ 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
gdisc—c/a:y /\(ZD—STAG)
Derivation trees
A(Z 7a6) YD-STAG sem.
gderi‘:edt7
Derived trees Logical formulas
/\(Ztrees) /\(Zlogic)
% ;
Strings
/\(zstring)
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Discourse grammar with ACGs

Du

Adverbial Connectives : Du |

Du
D o LN
// \\ Du Pu‘nct D‘ D‘u

Du* Punct DC Du o € DUJ(
\ |

' adv Dul S

/ N\

adv S

dthen: Dup — Dua — Duay — Du — Dup,

dYen: Dup —o Dua —o Dus —o (VP4 —o Du) —o Dua,

d5en: Dus —o Dup —o Dup —o (Sa — Du) —o Dua
3rd order ACG — no polynomial parsing property !
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(4) [Fred went to a supermarket]q because [his fridge was empty];. Then, [he went to movies].

then
Y
because F>
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D-STAG as ACGs — semantic interpretations

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

then
Y
because F

' ~
Fo F

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

(EXPLANATION
(3'x. (supermarket x) A (go-to fred X))
(3!x. (fridge x) A (empty x)))

A

(NARRATION
(H!X‘(supermarket X) N (go—to fred X))
(3!x. (movies x) A (go-to fred x)))

29/34
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Labeled semantic interpretations

Y o .
Z\ogic - @ signature for labeled semantics

Atomic types : {e, t, £} J
Predicates have one additional argument of type ¢ for labels )
Argument of discourse relations are of type £ (labels) J
fred,he : e EXPLANATION : £ — { — ¢ — t
sleep, bad-mood, exam : € — £ — t CONTINUATION : £ — ¢ — £ — t
love,miss,fail:e e — ¢ —t NARRATION : £/ — ¢ — £ — t

v,3,3l:(e—>t) >t F:(l—=t)—>t
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Labeled semantic trees

Unlabeled (t—=1t)—t2 et

ttt@
PN

ttt — ttt ttt@

AN |

ttt — ttt — ttt ttt@  ttt | ©
/\ |
¢ R

ttt*

"R = AX.AY.AP. X (Ax. (Y (\y. (Rxy) A P(x))))

Labeled (L —t)—t= 0t
Lt @
RN
Ltt — Ltt Lttt
SN I

ottt — Lttt — 0t Lt Lt | ©

b, R £tt*

O Re= XYP.3LXAx. YQAy. (Px) A (Rexy )
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(2) [Fred is grumpy]o [he lost his keys];. , [he failed an exam]s.
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Example

(4) [Fred went to a supermarket]o because [his fridge was empty]:. Then, [he went to the

cinemals.
722 dinit.anchor
N —
Rl F2 CO dbecause
NS e — S
N\ s
Fo 1= I Du dthen IDu danchor
- —
IDu IDu IDu danchor Cl IDu
/\
(@} Ibu
S
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Example

(4) [Fred went to a supermarket]o because [his fridge was empty]:. Then, [he went to the

cinemals.
R2 dinit.anchor
N —
R1 F G dpecause
/ \ NS e — S
Fo F I Du dtshen IDu danchor
B —
IDu IDu IDu danchor Cl IDu
/\
(@} Ibu
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Example

(4) [Fred went to a supermarket]o [his fridge was empty]i. Then, [he went to the
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