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Preface

CICLing 2003 (www.CICLing.org) was the 4th annual Conference on Intelligent Text
Processing and Computational Linguistics. It was intended to provide a balanced view
of the cutting-edge developments in both the theoretical foundations of computational
linguistics and the practice of natural language text processing with its numerous
applications. A feature of CICLing conferences is their wide scope that covers nearly
all areas of computational linguistics and all aspects of natural language processing
applications. The conference is a forum for dialogue between the specialists working
in these two areas.

This year we were honored by the presence of our keynote speakers Eric Brill
(Microsoft Research, USA), Aravind Joshi (U. Pennsylvania, USA), Adam Kilgarriff
(Brighton U., UK), and Ted Pedersen (U. Minnesota, USA), who delivered excellent
extended lectures and organized vivid discussions.

Of 92 submissions received, after careful reviewing 67 were selected for
presentation; 43 as full papers and 24 as short papers, by 150 authors from 23
countries: Spain (23 authors), China (20), USA (16), Mexico (13), Japan (12),
UK (11), Czech Republic (8), Korea and Sweden (7 each), Canada and Ireland (5
each), Hungary (4), Brazil (3), Belgium, Germany, Italy, Romania, Russia and
Tunisia (2 each), Cuba, Denmark, Finland and France (1 each).

In addition to the high scientific level, one of the success factors of CICLing
conferences is their excellent cultural program. CICLing 2003 was held in Mexico, a
wonderful country very rich in culture, history, and nature. The participants of the
conference—in their souls active explorers of the world—had a chance to see the
solemn 2000-year-old pyramids of the legendary Teotihuacanas, a monarch butterfly
wintering site where the old pines are covered with millions of butterflies as if they
were leaves, a great cave with 85-meter halls and a river flowing from it, Aztec
warriors dancing in the street in their colorful plumages, and the largest
anthropological museum in the world; see photos at www.CICLing.org.

A conference is the result of the work of many people. First of all I would like to
thank the members of the Program Committee for the time and effort they devoted to
the reviewing of the submitted articles and to the selection process. Especially helpful
were Ted Pedersen and Grigori Sidorov, as well as many others—a complete list
would be too long.

Obviously I thank the authors for their patience in the preparation of the papers,
not to mention the very development of their scientific results that form the basis for
this book. I also express my most cordial thanks to the members of the local
Organizing Committee for their considerable contribution to making this conference
become a reality. Last, but not least, I thank our sponsoring organization—the Center
for Computing Research (CIC, www.cic.ipn.mx) of the National Polytechnic Institute
(IPN), Mexico, for hosting the conference for the fourth time.

December 2002 Alexander Gelbukh
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Starting with Complex Primitives Pays Off*

Aravind K. Joshi

University of Pennsylvania, Philadelphia, PA 19104, USA
joshi@linc.cis.upenn.edu

Abstract. For the specification of formal systems for a grammar for-
malism, conventional mathematical wisdom dictates that we start with
primitives (basic primitive structures or building blocks) as simple as
possible and then introduce various operations for constructing more
complex structures. Alternatively, we can start with complex (more com-
plicated) primitives that directly capture crucial linguistic properties and
then introduce some general operations (language independent opera-
tions) for composing them. This latter approach has led to the so-called
strongly lexicalized grammars, providing some new insights into syntactic
description, semantic composition, discourse structure, language gener-
ation, psycholinguistic and statistical processing, all with computational
implications. In this paper, we will illustrate some of these insights in
the context of the lexicalized tree-adjoining grammar (LTAG).

1 Introduction

How complex are the primitives of a formal system for characterizing various
properties of language? Conventional mathematical approach is to start with
primitives (basic primitive structures or building blocks) as simple as possible
and then introduce various operations for composition of more complex struc-
tures. There is another perspective we can take. We can start with complex
(more complicated) primitive structures that directly capture crucial linguistic
properties and then introduce some general, language independent operations,
for composing these complex structures. This latter approach allows the possi-
bility of localizing almost all complexity (in the form of a range of dependencies
of various kinds) in the set of primitives, thereby pushing apparently non-local
dependencies to become local, i.e., they are instantiated in the primitive struc-
tures to start with. This approach has led to some new insights into syntac-
tic description, semantic composition, discourse structure, language generation,
psycholinguistic and statistical processing— all of these are, of course, directly
related to computational properties of the system. We will illustrate some of
these insights in the context of the framework of the lexicalized tree-adjoining
grammar (LTAG).

The complexity of the primitives specifies a domain of locality, i.e., a domain
over which various dependencies (syntactic and semantic) can be specified. In

* This work was partially supported by NSF grant NSF-STC SBR 8920230

A. Gelbukh (Ed.): CICLing 2003, LNCS 2588, pp. 1-{10] 2003.
© Springer-Verlag Berlin Heidelberg 2003
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2 A K. Joshi

a context-free grammar (CFG) the domain of locality is the one level tree cor-
responding to a rule in a CFG (Fig. [[)). It is easily seen that the arguments of
a predicate (for example, the two arguments of likes) are not in the same local
domain

CFG G S — NP VP NP—= Harry
VP— V NP NP—= peanuts
VP— VP ADV V—= likes
ADY passionately
S VP NP NP
NP VP VP ADy  Peanuts  Harry
VP Vv ADV
\ NP likes passionately

Fig. 1. Domain of locality of a context-free grammar

The two arguments are distributed over the two rules (two domains of locality)—
S — NP VP and VP — V NP. They can be brought together by introducing
arule S — NPV VP. However, then the structure provided by the VP node is
lost. We should also note here that not every rule (domain) in the CFG in (Fig. D)
is lexicalized. The four rules on the right are lexicalized, i.e., they have a lexical
anchor. The rules on the left are not lexicalized. The second and the third rules
on the left are almost lexicalized, in the sense that they each have a preterminal
category (V' in the second rule and ADV in the third rule), i.e., by replacing
V by likes and ADV by passionately these two rules will become lexicalized.
However, the first rule on the left (S — NP V P) cannot be lexicalized. Can a
CFG be lexicalized, i.e., given a CFG, G, can we construct another CFG, G’,
such that every rule in G’ is lexicalized and T(G), the set of (sentential) trees
(i.e., the tree language of G) is the same as the tree language T'(G’) of G'? Tt
can be shown that this is not the case (Joshi and Schabes [2]). This follows from
the fact that the domain of locality of CFG is a one level tree corresponding to
a rule in the grammar.

It can be shown that CFGs can be lexicalized (Joshi and Schabes [2]), pro-
vided we extend the domain of locality, i.e., make the primitives more complex.
This is achieved by making the primitives larger than just the one level trees
as in a CFG. Further, we introduce two composition operations: (1) substitu-
tion (Fig. B) and (2) adjoining (Fig. B). Adjoining involves splicing (inserting)
one tree into another. More specifically, a tree 8 as shown in Fig. [3 is inserted
(adjoined) into the tree v at the node X resulting in the tree ~.

The tree 3, called an auxiliary tree, has a special form. The root node is
labeled with a nonterminal, say X and on the frontier there is also a node
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Fig. 2. Substitution

Fig. 3. Adjoining

labeled X called the foot node (marked with *). There could be other nodes
(terminal or nonterminal) nodes on the frontier of 3, the nonterminal nodes will
be marked as substitution sites (with a vertical arrow). Thus if there is another
occurrence of X (other than the foot node marked with *) on the frontier of 8
it will be marked with the vertical arrow and that will be a substitution site.
Given this specification, adjoining 3 to « at the node X in « is uniquely defined.
If in a tree grammar with these two composition operations, each elementary
(primitive) tree is lexicalized, i.e., there is a lexical item associated with one of
the preterminal nodes (we call this lexical item as the lexical anchor of the tree),
it is called a lexicalized tree-adjoining grammar (LTAG). In short, LTAG consists
of a finite set of elementary trees, each lexicalized with at least one lexical anchor.
The elementary trees are either initial or auxiliary trees. Auxiliary trees have
been defined already. Initial trees are those for which all nonterminal nodes on
the frontier are substitution nodes.

1.1 Lexicalized Tree-Adjoining Grammar

Rather than giving formal definitions for LTAG and derivations in LTAG we will
give a simple example to illustrate some key aspects of LTAG. We show some
elementary trees of a toy LTAG grammar of English. Fig. @lshows two elementary
trees for a verb such as likes. The tree o is anchored on likes and encapsulates
the two arguments of the verb. The tree as corresponds to the object extraction
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ol S o2 S
NPV VP NP(wh) V S
v NPV NPY VP
|
likes % NPV
transitive likes e

object extraction

Fig. 4. LTAG: Elementary trees for likes

B1 N B2 S
/\ /\
NP vP % s*
|
\/\S* does
|
think
o3 NPV o4 NPV o5 NPV
who Harry Bill

Fig. 5. LTAG: Sample elementary trees

construction. Since we need to encapsulate all the arguments of the verb in each
elementary tree for likes, for the object extraction construction, for example,
we need to make the elementary tree associated with likes large enough so that
the extracted argument is in the same elementary domain. Thus, in principle,
for each ‘minimal’ construction in which likes can appear (for example, subject
extraction, topicalization, subject relative, object relative, passive, etc.) there
will be an elementary tree associated with that construction. By ‘minimal’ we
mean when all recursion has been factored away. This factoring of recursion
away from the domain over which the dependencies have to be specified is a
crucial aspect of LTAGs as they are used in linguistic descriptions. This factoring
allows all dependencies to be localized in the elementary domains. In this sense,
there will, therefore, be no long distance dependencies as such. They will all be
local and will become long distance on account of the composition operations,
especially adjoining.

Fig. Blshows some additional trees. Trees a3, oy, and as are initial trees and
trees 31 and (35 are auxiliary trees with foot nodes marked with *. A derivation
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NP(wh) | g <=7 NP VP v s*
NP VP v s* does
v NP think substitution
-
‘ ‘ adjoining

likes ¢ =
o3 NP| o4 NPY o5 NPy
who Harry Bill

Fig. 6. LTAG derivation for who does Bill think Harry likes

using the trees in Fig. @ and Fig. Bl is shown in Fig. Bl The trees for who and
Harry are substituted in the tree for likes at the respective NP nodes, the tree
for Bill is substituted in the tree for think at the NP node, the tree for does
is adjoined to the root node of the tree for think tree (adjoining at the root
node is a special case of adjoining), and finally the derived auxiliary tree (after
adjoining [ to (1) is adjoined to the indicated interior S node of the tree ao.
This derivation results in the derived tree for who does Bill think Harry likes as
shown in Fig. [l Note that the dependency between who and the complement
NP in a3 (local to that tree) has been stretched in the derived tree in Fig.
This tree is the conventional tree associated with the sentence.

However, in LTAG there is also a derivation tree, the tree that records the
history of composition of the elementary trees associated with the lexical items
in the sentence. This derivation tree is shown in Fig. [§l The nodes of the tree
are labeled by the tree labels such as ay together with the lexical anchor [] The
derivation tree is the crucial derivation structure for LTAG. We can obviously
build the derived tree from the derivation tree. For semantic computation the
derivation tree (and not the derived tree) is the crucial object. Compositional
semantics is defined on the derivation tree. The idea is that for each elementary
tree there is a semantic representation associated with it and these representa-
tions are composed using the derivation tree. Since the semantic representation

! The derivation trees of LTAG have a close relationship to the dependency trees,
although there are some crucial differences; however, the semantic dependencies are
the same.
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NP S
oy 5
NP VP
does | T
Bill ~/ s
) NP VP
think | /\
Harry V NP
likes =

Fig. 7. LTAG derived tree for who does Bill think Harry likes

for each elementary tree is directly associated with the tree there is no need
to reproduce necessarily the internal hierarchy in the elementary tree in the se-
mantic representation(Joshi and Vijay-Shanker [3] and Kallmeyer and Joshi [4]).
This allows the so-called ‘flat’ semantic representation as well as helps in dealing
with some non-compositional aspects as in the case of rigid and flexible idiomd?.

o2 (likes)
00 010
01
a3 (who) B1 (think) o4 (Harry)
0 00
B2 (does) o5 (Bill)

Fig. 8. LTAG derivation tree

2 An Alternate Perspective on Adjoining

In adjoining we insert an auxiliary tree, say with root and foot nodes labeled
with X in a tree at a node with label X. In Fig. @ and Fig. [0l we present an

2 For details of the LTAG grammar for English and the associated parser, the XTAG
system, go to http://www/cis.upenn.edu/xtag
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o ol: supertree of o0 —=

X

X
o2: subtree of o0 — > A

Fig. 9. Adjoining as Wrapping 1

X ~— ol

~— B

X
ALY

Fig. 10. Adjoining as Wrapping 2

alternate perspective on adjoining. The tree o which receives adjunction at X
can be viewed as made up of two trees, the supertree at X and the subtree at
X as shown in Figll Now, instead of the auxiliary tree 3 adjoined to the tree
« at X we can view this composition as a wrapping operation—the supertree of
«a and the subtree of a are wrapped around the auxiliary tree 8 as shown in
Fig. M0l The resulting tree - is the same as before. Wrapping of the supertree at
the root node of 3 is like adjoining at the root (a special case of adjoining) and
the wrapping of the subtree at the foot note of 3 is like substitution. Hence, this
wrapping operation can be described in terms of substitution and adjoining. This
is clearly seen in the linguistic example in Fig. [Tl and Fig.[I2. The auxiliary tree
3 can be adjoined to the tree o at the indicated node in o as shown in Fig. [1l
Alternatively, we can view this composition as adjoining the supertree a; (the
wh tree) at the root node of 3 and substitution of the subtree as (the likes tree)
at the foot node of 3 as shown in Fig. [[21 The two ways of composing « and 3
are semantically coherent.

The wrapping perspective can be formalized in terms of the so-called multi-
component LTAGs (MC-LTAGs). They are called multi-component because the
elementary objects can be sets of trees, in our examples, we have two com-
ponents (in which « was split). When we deal with multi-components we can
violate the locality of the composition very quickly because the different com-
ponents may be ‘attached’ (by adjoining or substitution) to different nodes of
a tree and these nodes may or not be part of an elementary tree depending on
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o S B S
NP(wh) V S =-----TTT T NP VP
/\
NPY VP v S *

|

V/\NP think

| |

likes e

Fig. 11. Wrapping as substitution and adjunction 1

ol S
NP(wh) | S
S
OQA
NPl /\
V
likes €

Fig. 12. Wrapping as substitution and adjunction 2

whether the tree receiving the multi-component attachments is an elementary
or a derived tree. We obtain what are known as tree-local MC-LTAGs if we put
the constraint that the tree receiving multi-component attachments must be an
elementary tree. It is known that tree-local MC-TAGs are weakly equivalent to
LTAGs, however they can give rise to structural descriptions not obtainable by
LTAGS, i.e., they are more powerful than LTAG in the sense of strong gener-
ative capacity (Weir [7]),Thus the alternate perspective leads to greater strong
generative capacity without increasing the weak generative capacity. MC-LTAG
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also allow the possibility of defining flexible compositio. Given two structures,
X and Y, elementary or derived, we can compose them in any order, i.e., X
with Y or Y with X subject to the following requirement— the structure which
is being composed into must be an elementary structure. This requirement as-
sures locality of composition, in the sense that the different nodes in the tree
being composed into are all part of the same elementary tree. It can be shown
that MC-LTAG can correctly describe (syntactically and semantically) all pos-
sible word orders within and across clauses up to two levels of embedding (i.e,
a matrix clause, embedding another clause, which in turn embeds yet another
clause). Beyond two levels of embedding, although the relevant strings can be
generated but certain compositions of the MC-LTAG trees may not be seman-
tically coherent. Note that this a formal result. Here we have a case where a
formal result leads to a result which is traditionally described as a performance
result, i.e., a psycholinguistic result (Joshi, Becker, and Rambow [I]).

So far we have illustrated how s system such as LTAG (with complex primi-
tives) has led to some novel insights for syntactic description, semantic composi-
tion, and psycholinguistic processing. In the next section, we will describe some
insights of this perspective for discourse structure.

2.1 Discourse Structure

At the discourse level, one can take discourse connectives as predicates (lexical
anchors) for elementary trees with argument positions to be filled in by the
appropriate clauses, some of which may be in the same sentence in which the
connective appears, and others in preceding sentences in the discourse. Thus we
have dependencies here which are analogous to the dependencies encoded in the
LTAG trees at the sentence level (Webber et al. [5]). These dependencies can be
stretched also as in the discourse D(1) below.

D1:(a) One the one hand, Fred likes beans. (b) Not only does he eat them
for dinner (c) but he also eats them for breakfast and snacks. (d) On the other
hand, he is allergic to them.
on the one hand and on the other hand is a paired connective , multiply anchoring
the same discourse LTAG tree. The dependencies between the arguments of this
tree have been stretched by the adjoining of the elementary tree corresponding
to the connective but.

Arguments of a discourse connective may be structural (i.e., clauses encoded
in the parse trees) or they may be anaphoric (much like pronouns and definite
NPs) as in the discourse D(2) below.

D2: (a) John loves Barolo. (b) So he ordered three cases of the ’97. (¢) But
he had to cancel the order (d) because then he discovered he was broke.

The connective then gets its right argument from (d) and its left argument from
(b) and must cross the structural connection between (c) and (d) associated with
because. Treating the left argument of then as anaphoric avoids crossing. There

3 Flexible composition is also possible in the standard LTAG. However, in this case,
flexible composition does not give any increased strong generative power.
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are, of course, other reasons for treating the left argument as anaphoric (see, for
example, Webber et al. [6]).

3 Summary

We have shown that by starting with complex primitives and localizing depen-
dencies within the domain of the elementary (primitive) structures, in contrast
to starting with simple primitives, leads to some novel insights into syntactic de-
scription, semantic composition, discourse structure, and some psycholinguistic
issues, all relevant to computational properties.
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Abstract. In this paper we discuss the use of subsumption as device to model
linguistic generalizations. Constraint-based linguistic frameworks make ample
use of equality relations but, although equality is nothing but two-way
subsumption, subsumption itself has not been used much, except as a meta-
grammatical device in the HPSG type hierarchy. Here we investigate two cases
where subsumption is a useful device to model syntactic phenomena.

1 Introduction

Current constraint-based approaches to natural language modeling use equality
relations to assemble information that belongs to one informational unit at an abstract
level of representation even though it belongs to more than one unit in the surface
representation. This reliance on equality comes a bit as a surprise when one looks
back at earlier or current transformational approaches that tend to stress the
asymmetry or even the anti-symmetry of linguistic phenomena. For instance, it has
often been observed that elements higher-up in a treelike representation control those
lower down. This is formalized through c-command constraints on these elements.

Constraint-based approaches tend to retain the spirit of the main device used in
transformational approaches by modeling such command relations through tree-
structured configurations (e.g. by limiting the association of infinitivals to VP’s). In
this paper we propose another mechanism to manage such relations, subsumption, and
illustrate its use in two cases where the tree configuration solution leads to problems
that do not arise in our proposal, namely Partial Fronting in German and Subject
Inversion in French.

Subsumption is a familiar relation within several constraint-based formalisms (see
e.g. discussions in [3] and [11]). It is used as a meta-grammatical device to
characterize the type hierarchy in HSPG, and in LFG the f-structure assigned to a
sentence is defined to be the subsumption-minimal model for the set of constraints
associated with the sentence. In LFG the subsumption relation is also implicit in the
definition of the restriction operator proposed in [5], and in the generalization
operator used in [6]’s, treatment of coordination. However, explicit subsumption
constraints have not been used directly in accounts of any syntactic phenomena.

A. Gelbukh (Ed.): CICLing 2003, LNCS 2588, pp. 11-21, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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2 Subsumption and Linguistic Phenomena

Informally, subsumption establishes an ordering relation between two units of
information stating that the one subsuming the other contains less information than
the one that is subsumed. The formal definition of subsumption used in this paper is
given in Figure 1. and, for comparison the definition of equality is given in Figure 2.

Subsumption: f = g iff

fand g are the same symbol or semantic form, or
fand g are both f-structures, Dom(f)  Dom(g), and (fa)= (g a) for all a € Dom(f),
or f'and g are both sets, and every element of f — some element of g

f=[A[C+J}; AEJ: =g
B E,,

Fig. 1.

Equality: f =g iff
fand g are the same symbol or semantic form, or

fand g are both f-structures, Dom(f ) = Dom(g), and (f @) = (g a) for all a € Dom(f),

or
fand g are both sets, and every element of g = some element of f

C + C +
A |D — A |D —
f: = =g
B E,, B E,,
Fig. 2.

A linguistic phenomenon that one might consider modeling with subsumption is
the relation between an equi controlling subject and the understood subject in an
embedded clause in a sentence such as 1

1. John tries to work hard.

As has often been observed, in English sentence 2 is ungrammatical as is any other
version in which the shared subject shows up in the embedded position.

2. * Tries to John work hard.

Note, however, that an equality approach to equi via functional control such as found
in LFG, does not rule out (2), as was first discussed in [13], in the context of some
Dutch facts. LFG grammars of English handle the ungrammaticality of 2 with a VP
phrase-structure rule that does not provide a subject NP position in infinitival clauses.
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A different approach to the phenomenon would be to propose that the relation
between the matrix subject and the embedded subjects is one of subsumption rather
than of equality. Under that assumption the information would flow from the matrix
position to the embedded position and not vice versa, as diagrammed in Figure 3. If
the NP showed up in an embedded position, its information would not flow up to the
matrix and the f-structure would be incomplete.

[T PRED  ‘try<XCOMP>SUBJ’
SUBJ  [PRED ‘John’] —0u0_ |
PRED ‘work<SUBI>’ >

XCOMP | SUBJ

Fig. 3.

For English this seems an unnecessary innovation as the PSR solution is adequate.
In other languages, however, it is not so clear that the PSR solution is the simplest and
most straightforward one available. In what follows we look at two phenomena,
Partial Verb Phrase Fronting (henceforward, PVPF) in German and Stylistic Inversion
(Henceforward, SI) in French and show how a subsumption based analysis accounts of
a wide range of facts.

3 Partial VP Fronting in German

As has been discussed extensively in the literature (see e.g. [12], [10], [9]), sentences
such as the following are grammatical in German'.

3. a. Das Buch zu geben schien Hans dem Maidchen.
The book to given seemed Hans the  girl.

b. Dem Maidchen zu geben schien Hans das Buch.
The girl to give seemed Hans the book.

‘Hans seemed to give the girl the book.’
4. a. Ein Fehler unterlaufen ist ihr noch nie.

An error happened-to is her still Never
‘Until now she has never made a mistake.’

' With other researchers we assume that discourse structure constraints account for the degree
of acceptability of various examples and concentrate on the structural characteristics of
PVPF.
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b. Ein Aussenseiter gewonnen hat hier noch nie.

An outsider won has here still never.

‘Until now no outsider has won here.’
In the sentences in 3 various pieces of what is in general assumed to be a VP have
been topicalized (there are more possibilities); in 4, some kind of infinitival clause is
topicalized that has the particularity of containing a subject (the nominative NP). For
traditional transformational accounts these sentences present problems because the
topicalized elements do not correspond to units that are available in the Mittelfeld
from where they are hypothesized to be moved. Non-transformational theories can
also have problems depending on their devices for subcategorization.

SIVP SIVP
N
NP \'%A v NP /\NP
| . |
Das Buch V  schien Hans dem Mddchen
|
zu-geben
Fig. 4.

In LFG, there are rather less problems than in other theories because the framework
allows very supple PSR in which most if not all constituents are optional.
Subcategorization constraints are enforced at the level of the f-structure, where the
Completeness and Coherence principles need to be satisfied’.. In traditional LFG a
sentence like 3a will have the c-structure and f-structure representation in Fig. 4 and 5
respectively.

These structures are licensed by the following set of rules and lexical entry.

5.8 - XP Vv (SIVP)
(Ttense)  T=0
where XP = { NP | SIVP [...}
(TTop) =1 (TTop) =4
(T comMps* NGF) = | (T comps* xcomp) = |
6. a. SIVP — NP* V) (SIVP)

2 Note that Completeness and Coherence are also rather simple notions in LFG: they hold over
complete f-structures: there is no cancellation procedure or the like. Subjects are treated like
any other arguments and the obliqueness hierarchy holds only as a metaprinciple.
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(Tcomps* NGF) = L T=1 (T xcomp* comps) = |

b, V' — V) %
(T xcomp)=1 T=1

(T XCOMP NGF) —<. (T NGF)

7. scheinen V  (TPRED) = ‘seem<(T xcomp)>( T suBi)’
(T suBJ) = (T XCOMP SUBJ)

PRED ‘give<SUBJ OBJ OBJ2>’
SUBJ [PRED ‘Hans’
TOP OBJ [PRED ‘book]
OBJ2 [PRED ‘girl]

PRED  ‘seem<XCOMP>SUBJ’
SUBJ

XCOMP

Fig. 5.

These rules are adapted from [17]. COMPS ranges over XCOMP and COMP?. NGF ranges
over all nominal functions. The functional uncertainty equations (indicated by the
Kleene star) define the functional paths that relate NP’s in the Mittelfeld or the
topicalized material to their embedded functions (see [7] for more information). The
functional precedence constraints impose the appropriate ordering on the NP
arguments of all the verbs in an XCOMP cluster (see [17] for discussion). Given that
all the constraints are equality relations, it does not matter in which of the positions
licensed by the PSR the equated entities show up in the c-structure. We do not
distinguish between S and VP (and write the conflated category as SIVP). In this way,
we allow the same elements in infinitival clauses and in tensed clauses except for the
requirement that there be a tensed verb in second position.

While this allows for all the sentences in 3 and 4, it overgenerates. It will, for
instance, allow two arguments to be fronted without the verb they depend on.
Moreover this account does not allow us to determine from the f-structure what is
topicalized and what is not*.

3 This is an overgeneralization for the dialects of German that allow only fronting out of
XcoMps. This type of variation is ignored in this paper.

4 Whether this is important or not depends on one’s view of the interaction between the f-
structure and other modules of linguistic information: for argument structure and purely
syntactic wellformedness conditions, this information is not important. But if we assume that
there is a discourse-structural difference between the various versions of 3. and that the
discourse structure is read off the f-structure without separate input from the c-structure (and
even without covert c-structure information via f-precedence relations), the account given is
clearly inadequate.
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The use of subsumption will allow us to solve these two problems. Under that
hypothesis, the relevant part of the rule given in 5 will be replaced by the following:

8 S — SIVP v SIVP
(Tropp=d T=1l T=1
1 =(T comps* xcomp)
Now the information flows only in one direction, from the topic to the embedded

XCOMP, as diagrammed in Fig.6. The information in TOP is just what is fronted in the
sentence.

PRED ‘give<SUBJ OBJ OBJ2>’
TOP OBJ [PRED ‘book]

PRED  ‘seem<XCOMP>SUBJ’

SUBJ]  [PRED ‘Hans’]
PRED ‘give<SUBJ OBJ OBJ2>’
SUB]

XCOMP | OBJ [PRED ‘book]
OBJ2 [PRED ‘girl]

Fig. 6.

We can now also solve the problem with structures such as 9. where two dependents
are topicalized without the verb they are dependent on: this becomes a case of
incoherence.

9 *Thr ein Mirchen wird er erzihlen.
Her a  story will he tell
‘He will tell her a story.’

But we need an adapted version of completeness because in grammatical sentences
the topicalized elements will typically contain predicates that are locally not saturated.
The following extension of the definition of Completeness in [4] will take care of this:

10.  An f-structure g is complete iff each of its subsidiary f-structures is
either locally complete or subsumes a subsidiary f-structure of g
that is locally complete.

This approach to PVPF in German allows us to model in a very simple way the
interactions with raising and equi discussed in [9]. In the case of raising the
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subsumption analysis of fronting interacts with the equality analysis of raising to
describe the fact that in sentences like those in 4. we have raising in the f-structure
without c-structure raising. Simple equality allows for this as we pointed out above in
our discussion of 2. If we assume that in equi the matrix subject subsumes the XCOMP
subject we can account for the fact that, as observed by Meurers and De Kuthy,
sentences like the following are ungrammatical:

11. * Ein  Aussenseiter zu gewinnen versuchte hier noch nie.
An  outsider to  win tried here still never
‘An outsider never tried to win here.’

This is diagrammed as in Fig. 7

PRED ‘win<SUBJ>’ 1
TOP SUBJ [PRED ‘outsider’]

PRED  ‘try<XCOMP>SUBJ’
SUBJ

—_—

PRED ‘win<SUBJ>’
XCOMP | SUBJ [PRED ‘outsider’

Fig. 7.

To summarize our proposal: the topic f-structure in PVPF always subsumes the
XCcoMP f-structure. The difference between raising and equi is that in raising there is
an equality relation between the matrix and the embedded subject, whereas in equi the
matrix subject subsumes the embedded one. The interaction of subsumption and
equality thus provides a simple account of the syntax of VP fronting in German. For a
more detailed discussion of these facts, see [18].

But new linguistic devices, however simple, are always suspect when they seem to
solve only one problem. In the remainder of the paper we summarize another case in
which subsumption plays a role in a simple account of another rather complex
phenomenon, Stylistic Inversion in French.

4 Stylistic Inversion in French

A phenomenon discussed as much in recent French syntax, starting with [8], as PVPF
has been discussed in German, is Stylistic Inversion (henceforth SI), illustrated in
sentences such as 12.
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12. Voici le texte qu a écrit Paul.
See-here the text that has written Paul
‘Here is the text that Paul wrote.’

A first question that arises with respect to these sentences is what the grammatical
function is of the post-verbal NP. We follow here the analysis given in [2], who argue
that it is a subject.

The observations in [2], that are most relevant to the discussion at hand concern the
position of the post-verbal subject in sentences with equi and raising complements.
They show that there are two possibilities. The one that interests us here is
exemplified in 135.

13. a. le livre que semblait recommander le patron
the book that seemed recommend  the head
du labo a cet étudiant
of the lab to this student
‘the book that the head of the lab could recommend to his student...’
b. le livre que pourrait recommander le patron
the book that might recommend the head

du labo a cet étudiant
of-the lab to this student
‘the book that the head of the lab might recommend to this student...’

The presence of the oblique complement of the verb recommander (to recommend),
shows that the subject of the matrix clause is within the lower VP (again see [2] for
arguments to that effect, especially for arguments excluding the possibility that there
might be free raising of any complement to a higher clause). The situation, then, is
similar to that found in German: we have an argument of a higher verb realized as a
constituent of a lower infinitival constituent. The difference between German and
French is that here we have a case of raising (with sembler, to seem) and a case of
equi control (with pouvoir, be able). Both allow the subject to show up in an
embedded position, whereas in German this is only possible with raising verbs as
discussed above. If we assume that in French, subject equi and subject raising are
both equality relations, the facts are accounted for. This becomes clear when we look
at the following lexical entries and partial phrase structure rules®.

14. sembler V (T PRED) = ‘sembler(( T xcomp)) (T suBJ)’
(T suBJ) =(T XCOMP SUBYJ)
15.  pouvoir V (T PRED) = ‘pouvoir(( T suBy), (T xcomp)y

(T suBr) =(T xcomp suBJ)

16. S N NP VP NP
(TsuBy = | T=1 (TsuBy =1

3 For a discussion of how an LFG analysis handles both possibilities, see [18].
6 Several details about the phrase structure of French have not been worked out in detail, so the
rules given in the text can only be indicative.
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VP RN A\ (NP) PP*
T=1 (T{suBioBs})) =4  (ToBL)= !

The rules in 16 allow a SUBJ within the VP and the equations in 14 and 15 insure that
this subject is also interpreted as the subject of the matrix verb.

Let us now turn to object equi verbs and object raising. If we assume that object
equi and object raising are also instances of an equality relation, we would expect SI
to be possible in their complements too. But this is not what we find, as can be seen
from the following examples.

17. *1le livre que le libraire a convaincu d’ offrir Jean
the book that the bookseller has convinced to offer Jean
a ma fille
to my daughter
‘the book that the bookseller convinced Jean to offer to my daughter...’

This is an example of an equi construction. It is not completely clear whether there
are object raising verbs in French but the perception verbs are plausible candidates
(see [1]). Attempting to combine SI with them also gives ungrammatical results as
illustrated in 187.

18. *La pierre que j7 ai  vu lancer ce sale gamin contre
the stone that I have seen throw this nasty kid against
Le gendarme
the policeman
‘the stone that I saw this nasty kid throw against the policeman.’

These problems can be solved by modeling object raising and object equi with
subsumption rather than with the usual equality. So the traditional entries for
convaincre, to convince, and voir, to see, given in 19 become the ones given in 20:

19. convaincre V (T PRED) = ‘convaincre{( T susy), (T oBy), (T xcomp)y
(T oBy) = (TXCOMP SUBJ)
voir A4 (T PRED) = “voir( (T 0B1), (T xcomp)) (T suBy)

(T oBy) = (T xCOMP SUBYJ)

20. convaincre V (T PRED) = ‘convaincre(( T susy), (T oBy), (T xcomp)y
(T oBy) = (T XCOMP SUBJ)
voir A4 (T PRED) = “voir( (T 0B1), (T xcomp)) (T suBy)

(ToBy) e (T XCOMP SUBJ)

This change will force the OBJ to appear in the matrix clause and not in a lower
position, allowing only for the versions in 21 and 22

7 The source for this relative clause is:
1) J’ai vu ce sale gamin lancer une pierre contre le gendarme.
I have seen this nasty kid throwa  stone against the policeman
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21.  le livre que le libraire a convaincu Jean de offrir
the book that the bookseller has convinced Jean to offer
a ma fille
to my daughter
‘the book that the bookseller convinced Jean to offer to my daughter...’

22. la pierre que j ai vu ce sale gamin lancer contre
the stone that I have seen this nasty kid throw against
le  gendarme
the policeman
‘the stone that I saw this nasty kid throw against the policeman...’

5 Discussion

Traditionally in constraint-based grammar formalisms, word order is determined by
PSR. Here we have looked at two cases in which the word order approach is not
obvious. We have proposed a solution in which ordering relations on the f-structure
and subcategorization requirements constrain the c-structure realization of elements
even though they are optional in the c-structure.

The use of subsumption is a natural addition to the devices used in grammatical
formalisms as equality is simply two-directional subsumption. It raises, however,
questions about the nature of information flow in syntax. Most transformational
theories promote an asymmetric or even anti-symmetric view, where equi or raising
are associated with the appearance of the shared (through equi or raising) argument in
a commanding position in the surface structure. Constraint-based formalisms have
more stressed the non-directionality of the information flow and have in general left
non-symmetrical phenomena to be managed through PSR. Here we have presented two
cases in which some equi or raising controllers are not associated with a commanding
position in the c-structure. They illustrate that the non-symmetric intuitions are not
always correct. Subsumption, however, allows us to model the cases where a non-
symmetric relation holds. The interaction of equality and subsumption gives a simple
account of these differences in the behavior between symmetric and non-symmetric
cases whereas a pure PS plus equality account requires the development of less natural
devices (see e.g. [2] and [9]).

From the perspective of linguistic generalizations, it is interesting to observe that
the use of equality versus subsumption does not coincide with the difference between
equi and raising: on the basis of the German facts alone one might be tempted to look
for a semantically based explanation: the argument sharing in raising is purely
syntactical, whereas in equi, it is basically the referential index that is shared. But the
French facts show that this type of distinction does not coincide with the distinction
between the requirement that the shared argument be realized in the c-commanding
position or be allowed to show up in the c-commanded position. In French the
distinction is between subject-subject sharing and object-subject sharing.
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Abstract. We present Global Index Grammars, a grammar formalism
that uses a stack of indices associated to its productions. This formalism
has restricted context-sensitive descriptive power. The recognition prob-
lem for this class of grammars is polynomial: the time complexity of the
algorithm presented here is O(n®).

1 Introduction

There is increasing consensus on the necessity of formalisms more powerful than
CFGs to account for certain phenomena that are characteristic of Natural Lan-
guages (NLs)[| Typical natural language constructions that require context-
sensitive power can be exemplified as [10]: reduplication, leading to languages
of the form {ww |w € X*}, multiple agreements (or counting dependencies), cor-
responding to languages of the form {a™b"c"™ | n > 1}, {a"b"c"d™ | n > 1}, ete.
and crossed agreements, as modeled by {a™b™c"d™ | n, m > 1}.

Mildly context-sensitive grammars (MCSGs) [15] have been proposed as ca-
pable of modeling the above mentioned phenomenall It has been claimed that
a NL model must have the following properties:ﬁ a) constant growth property
(or the stronger semilinearity property); b) polynomial parsability; c) limited
cross-serial dependencies.

Mildly Context-sensitive Languages (MCSLs) have been characterized by a
geometric hierarchy of leveld] (level-k control grammars and the corresponding
languages) [27]. A level-2 MCSL is able to capture up to 4 counting dependencies
(includes Ly = {a™b"c*d™In > 1} but not Ls = {a"b"c"d"e™|n > 1}). They
were proven to have recognition algorithms with time complexity O(n®) [T9/T8].
In general for a level-k control grammar the recognition problem is in O(n3'2k71),
and the descriptive power regarding counting dependencies is bound to 2% [26]
27]. Recently, Range Concatenation Grammars (RCGs)[4] were shown capable

! See for example [21], [§] , [12], [10], among others.

2 There are many other equivalent or similar formalisms such as, range concatenation
grammars, multiple context-free grammars[20], minimalist grammars[22].

3 See for example, [16], [26], [17].

4 Similar hierarchies: multiple CFGs [20], multi-push down automata [6].
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of recognizing the three phenomena mentioned above in O(n?) exploiting the
possibility of computing intersection and negation of languages directly

Here we present Global Index Grammars (GIGs) - and GILs the corre-
sponding languages - as an alternative grammar formalism that has a restricted
context-sensitive power but more powerful than level-2 MCSGs (e.g. LIGs).
The class of GILs contains the languages Ly and Ls (above). We show that
GIGs have enough descriptive power to capture the three phenomena mentioned
above (reduplication, multiple agreements, crossed agreements) in their general-
ized forms. Recognition of the language generated by a GIG is in polynomial
time: the time complexity of the algorithm presented here is O(n%) (section 4).
We present a Chomsky-Schiitzenberger representation of GILs (section 3). These
are initial results, there are many interesting characteristics of this formalism and
its relations to MCSGs and related formalisms that will be addressed in future
research.

2 Global Index Grammars

2.1 Indexed Grammars and Linear Indexed Grammars

Indexed grammars, (IGs) [I], and Linear Index Grammars, (LIGs;LILs) [12],
have the capability to associate stacks of indices with symbols in the grammar
rules. IGs are not semilinear ( the class of ILs contains the language {a®" | n >
0}). LIGs are Indexed Grammars with an additional constraint in the form of the
productions: the stack of indices can be “transmitted” only to one non-terminal.
As a consequence they are semilinear and belong to the class of MCSGs. The
class of LILs contains L4 but not Ls (see above).

A Linear Indexed Grammar is a 5-tuple (V,T,1, P, S), where V is the
set of variables, T the set of terminals, I the set of indices, S in V is the
start symbol, and P is a finite set of productions of the form, where A, B € V/,
a,ye (VUT)*, iel:

a. A[..] > a B[.]y b. Ali.] = a B[..] vy c. Al.] — aBl[i..]y

Ezample 1. L(G1) = {a"b"c"d" |n > 0}
G1 = ({S,B},{a,b,c,d}, {i}, P, S), where P is:
S[..] = aS[i.]d, S[.]— B[], Bli.]—=bB[.]e, B[]—e€

2.2 Global Indexed Grammars

In the LIG case, the stack of indices is associated with variables. It is a gram-
mar that controls the derivation through the variables of a CFG. The proposal
we present here, uses the stack of indices as a unique designated global control
structure, independent of local points in the derivation. In this sense these gram-
mars provide a global but restricted context that can be updated at any local
point in the derivation. GIGs are a kind of regulated rewriting mechanisms [9]

® RCGs are closed under intersection and complementation.
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with global context and history of the derivation (or ordered derivation) as the
main characteristics of its regulating device. The introduction of indices in the
derivation is restricted to rules that have terminals in the right-hand side. This
feature makes the use of indices dependent to lexical information, in a linguistic
sense, and allows the kind of algorithm we propose in section 5. An additional
constraint that is imposed on GIGs is strict leftmost derivation whenever indices
are introduced or removed by the derivation.

Definition 1. A GIG is a 6-tuple G = (N, T,1,S,#, P) where N, T, I are finite
pairwise disjoint sets and 1) N is the set of nonterminals 2) T the set of terminals
3) I a set of stack indices 4) S € N is the start symbol 5) # is the start stack
symbol (not in I,N,T') and 6) P is a finite set of productions, having the following
formE wherex € I, ye {IU#}, Ae N, o, € (NUT)* anda € T.

a.lA— « or A=« (epsilon or context-free rules)
a2 A [;} ! or ly..]JA — [y..Ja (epsilon rules with constraints)
b. A ﬁya 16} or [.JA = [z..]a B (push rules)
c. A—:>aa6 or [z..]A = [.]a (pop rules)

Note the difference between push (type b) and pop rules (type c): push rules
require the right-hand side of the rule to contain a terminal in the first position.
Pop rules do not require a terminal at all. That constraint on push rules is a
crucial property of GIGs, without that constraint GIGs could be equivalent to
a Turing Machine i

Derivations in a GIG are similar to those in a CFG except that it is possible
to modify a string of indices. This string of indices are not associated with
variables, so we can consider them global. We define the derives relation = on
sentential forms, which are strings in I*#(N UT)* as follows. Let 8 and 7 be in
(NUT)*, dbein I*, zin I, w be in T* and X; in (NUT).

1. If A —» X;..X} is a production of type (a.) (i.e. p =€ or p = [z], x € )
“w

then:
O#LBAY = d#6X;... Xy (production type a.l or context-free) or

TOFHBAY [:>] xd#6X;.. Xkv) (production type a.2)

This is equivalent to a CFG derives relation, in the sense that it does not
affect the stack of indices (push and pop rules).

5 The notation in the rules at the left makes explicit that operation on the stack
is associated to the production and neither to terminals nor to non-terminals. It
also makes explicit that the operations are associated to the computation of a Dyck
language (using such notation as used in e.g. [14]). The notation of the rules in the
right is intended to be more similar to the notation used in IGs and LIGs.
In forthcoming work[5] we show that GIGs are equivalent to a PDA with a con-
strained auxiliary stack. It is well known that a PDA with two stacks is equivalent
to a TM. However there is an extensive tradition of increasing the power of PDA
adding (additional) stacks with constraints on their operation mode (e.g. [13], [24],
[3], including generalized models of multistacks: [2], [6], [25]).
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2. If A — aX;..X,, is a production of type (b.) or push, p = x,x € I, then:
6#w£7 = xd#FwaXy.. Xy

3. IfA— leXn is a production of type (c.) or pop, u = &,z € I, then:
xé#uﬁtAw ? SHwWX1... Xy

The reflexive and transitive closure of = is denoted, as usual by =. We define
the language of a GIG, G, L(G) to be: {w|#S = #w and w is in T*}.

It can be observed that the main difference between, IGs, LIGs and GIGs,
corresponds to the interpretation of the derives relation relative to the behavior
of the stack of indices. In IGs the stacks of indices are distributed over the
nonterminals of the right-hand side of the rule. In LIGs, indices are associated
with only one nonterminal at the right-hand side of the rule. This produces
the effect that there is only one stack affected at each derivation step, with the
consequence of the semilinearity property of LILs. GIGs share this uniqueness
of the stack with LIGs, but brought to an extreme. There is only one stack
to be considered. Unlike LIGs and IGs the stack of indices is independent of
nonterminals in the GIG case. GIGs can have rules where the right-hand side
of the rule is composed only of terminals and affect the stack of indices. Indeed
push rules (type b) are constrained to start the right-hand side with a terminal
as specified in (6.b) in the GIG definition.

The derives definition requires a leftmost derivation for those rules ( push
and pop rules) that affect the stack of indices.

Examples using trGIGS. We call trGIGs a subtype of GIGs where the pop
rules (type c.) are constrained to start with a terminal in a similar way as push
(type b.) rules in GIGs are. In other words, pop rules must be: A — a (.

xr

Ezample 2 (agreements).

L(G5) = {a™b"c"d"e™| n > 1},
Gs = ({S,A,C,D',D,E},{a,b,c,d,e},{a’,g'}, S, #, P) and P is:

S — ACE A—>aAb A—>ab C—>ch D! - CD

C —> cD D —> d E —> el FE—e

J

The derlvatlon of w= aabbccddee
#S = H#ACE = i#acdAVCE = ii#aabbCE = i#aabbcD'E =

i1#aabbcCDE = $aabbccDDE = j#aabbccd DE = jj#aabbccddE =
j#aabbcedde E = #aabbeeddee

Now we generalize the example 2 and show how to construct a trGIG that
recognizes any finite number of dependencies:

Claim. The language L,, = {alay...a} | n > 1,k > 4} is in trGIL

Proof. Construct the GIG grammar
Gr = ({S,Es,Os, ..., Ax}, {a1, ..., ar }, {dh, al, ..., ]} S,#, P) such that k > 4
and j =k if kis even or j = k — 1 if k is odd, and P is composed by:
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1.S— a1 S Es 2. S— a; Ey
and for every E; and O; such that ¢ is odd in O; and 7 is even in E; add the
following rules:
3a.F; — a; F; da. FB; — a; Oi+1 5a. Ol — a4 Oi Ei+1
a; a; ai—1

6a. Ol — a; EiJrl

a;—1
If kis even add:  3b.Ap — ap Ag 4b. Ap — ay
If kis odd add:  5b. Ay — ap Ag 6b. Op — ay,

ak—1 ak—1

L(Gy) ={ata%..a} | n>1,4 <k}

GIG examples. The following languages can be defined with a GIG and we
conjecture they cannot be defined using a trGIG. We mentioned the difference
between push and pop rules in GIG. This difference enables to use left recursive
pop rules so that the order of the derivation is a mirror image of the left-right
order of the input string. This is not possible in the trGIG case because pop
rules cannot be left recursive according to the additional constraint imposed on
trGIGs.

Ezample 8 (copy language).
L(wa> = {’U)’U) ‘w S {ayb}*}a wa = ({57 R},{a,b},{@j},S,#,P) and P
is:

S—=aS S—bS S—R R—Ra|la R—-=Rb|D
i J % J

The derivation of abbabb:
#S = i#aS = ji#abS = jji#abbS = ji#abbRb = i#abbRbb =
#abbRabb = #abbabb

The following example is the generalization of the previous one.

Ezample 4 (multiple copies language).
L(Gywn) = {wrws...w, |w € {a,b}*,n > 2}
wan = ({Sa R7A7B}a {aab}a {17]}757#7p) and P =

S—AS|BS|RS|R A—=a B—-ob A—a
i J
B—b 6.R— RAJ|A R— RB| B R—a R—b
g J ? J

The derivation of ababab:

#S = #AS = i#aS = i#aBS = ji#abS = ji#abRS = i#abRBS =
#abABS = i#abaBS = ji#ababS = ji#ababR = i#ababRB =
#ababAB = #ababaB = #ababab

In the next example we can see that using the same mechanism (left recursion)
a language with a higher number of crossing dependencies than using a trGIG,
can be generated. It is easy to see that generalizing the same mechanism any
finite number of crossing dependencies can be generated.
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Ezample 5. Gerg = ({S,F,L,B,C,D,E},{a,b,c,d,e, f},{i,],k}, S, #, P), P:
S—FL F—aF|aeB B—=bB|bC C;)CCHC
i J

Lo Lf||Ef E—Ee|De D-—Dd|d
2 j 7
L(Gor3) = {a™b™ctdme™ f1}

3 GILs and Dyck Languages

We argue in this section that GILs correspond to the result of the “combination”
of a CFG with a Dyck language. The well-known Chomsky-Schiitzenberger the-
orem [7] shows that any CFG is the result of the “combination” of a Regular
Language with a Dyck Language. The analogy in the automaton model is the
combination of a Finite State Automata with a stack, which results in a PDA.
Push and pop moves of the stack have the power to compute a Dyck language
using the stack symbols. This “combination” is formally defined in the CFG case
as follows: each context-free language L is of the form L = ¢(D, N R), where D
is a semi-Dyck set, R is a regular set and ¢ is a homomorphism (Cf. [14]) .
Dyck languages can also characterize GILs. A GIG is the “combination” of
a CFG with a Dyck language: GIGs are CFG-like productions that may have
an associated stack of indices. This stack of indices, as we said, has the power
to compute the Dyck language of the vocabulary of indices relative to their
derivation order. As we have seen above, GIGs include languages that are not
context-free. GILs can be characterized using a natural extension of Chomsky-
Schiitzenberger theorem (we will follow the notation used in [14]).

Theorem 1 (Chomsky-Schiitzenberger for GILs). For each GIL L, there
is an integer v, a CFL L1 and a homomorphism ¢ such that L = ¢(D, N L1).

Proof. Let L = L(G), where G = (NT,T,1,S,#, P).
T and I are pairwise disjoint and ||TU || =r
The alphabet for the semi-Dick set will be g = (T UI)U (T UI). Let D, be
the semi-Dyck set over Xj.
Define ¢ as the homomorphism from Xy* into T* determined by
¢(a) =a, p(a) =€cifaeT.
(i) =¢€, ¢(i) =€if i € I.

Define a CFG grammar G1 = (N, Xy, S1, P1) such that P1 is given according
to the following conditions. For every production p € P where a € T, @ €
I, and o, B € (NUT)* create a new production p; € P1, such that a; and 3; €
(NUTT)* as follows

1. if p= A — aaf then p; = A1 — ajaaf;
2. if p=A— athen p; = A =i
1

8 We use a subscript “1” to make clear that either productions and nonterminals with
such subscript belong to the CFG G1 and not to the source GIG.
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3. ifp:A—)athenpl:Al —ﬂal
2

4. ifp:Aﬁathenplel — iy

It can be seen that L(G1) is a CFL, so we have defined D,., ¢ and the correspond-
ing CFL. We have to show that L = ¢(D, N L(G1)). The proof is an induction
on the length of the computation sequence.
First direction L C ¢(D, N L(G1)). Suppose w € L.

Basis

a) w = € then #S5 = #e and S = ¢

b) |lw|| =1 then #S = #a and S1 = aa

Both € and aa are in D, N L(G1)

The induction hypothesis exploits the fact that any computation starting at a
given configuration of the index stack and returning to that initial configuration,
is computing a Dyck language.

Induction Hypothesis. Suppose that if there is a GIL derivation d#uA LY
d#fuy B (where u,y € T*) implies there is a L(G1) derivation u’ A X w:B (where
w',z € (TT UIUI)*) such that z € D,. and ¢(z) = y for every k < n,n > 1
then:

Case (A) If:

#S =S #yB = #ya so by Induction Hypothesis and (1)

S1 =< zA| = zaa
It is clear that if z € D, so is zaa. And if ¢(z) = y then ¢(zaa) = ya.

Case (B) If:

#S LY #uA = i#uaB =< i#uayC = #uaya
by Induction Hypothesis, (2) and (3):

sE uw'A; = v'iaaBy = wiaazCy = u'iadziaa
Ifu/, 2 € Dy, so is v'iaaziaa. And if ¢(z) = y and ¢(u’) = u then ¢(u'iaaziaa) =
uaza.

The reverse direction ¢(D, N L(G1)) C L. Suppose w € ¢(D, N L(G1)).
Basis:

a) w = € then S; = € and #S5 = #e¢

b) |lw|| = 1 then S; = aa and #S = #a and ¢(aa) = a
Induction Hypothesis. Suppose that if there is a derivation uA X wzB in
L(G1) and z € D, then there is a GIL derivation d#u’ LY O0#u'yA such that
P(z) =y.

Case (A) If:

S =< zA; = zaa then

#S "5 #yA = #ya
If z € D, so is zaaad and if ¢(z) = y then ¢(zaaaa) = yaa.

Case (B) If:

k . n—1 . .=
S1 = uv'A; = v'iaaB; = u'iaazCi = v'iaaziaa then
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#S LY #yA = i#yaB =S i#uayC = #uaya

If v,z € D, sois viaaziaa and if ¢(z) =y and ¢(u') = u then ¢(u'iaaziaa) =
uaza.

If other (possible) derivation were applied to w'iaazC' then the corresponding
string would not be in D,.. a

4 Recognition of GILs

4.1 Graph-Structured Stacks

We will use a graph-structured stack [23] to compute the operations correspond-
ing to the inder operations in a GIG. It is a device for efficient handling of
nondeterminism in the stack operations. If all the possible stack configurations
in a GIG derivation were to be represented, the number of possible configura-
tions might grow exponentially with the length of the input. Each node of the
graph-structured stack will represent a unique index and a unique length of the
stack. Each node at length n can have an edge only to a node at length n — 1.
This is a departure from Tomita’s graph-structured stack. Although the number
of possible nodes increases, however the number of edges connecting a node to
others is limited. The set of nodes that represents the top of the stack will be
called active nodes (following Tomita’s terminology).

For instance in figure 1, active nodes are represented by circles and the inac-
tive ones are represented by squares. The numbers indicate the length.

Fig. 1. Two graph-structured stacks

The graph-structured stack at the left represents the following possible stack
configurations: iii#, iji#, ijj#, jij#, jij#, jii#. The one at the right is equivalent
to the maximal combination of stack configurations for indices ¢, j with maximum
length of stack 3. (i.e.) #, i#, j#, ii#, ij#, ji#, jj#, iii#, etc.

The following operations are possible on the graph-structured stack:

Push(newnode,oldnode). Creates a newnode if it is not in the graph and
creates an edge from newnode to oldnode if necessary.

Pop(curretnode). Retrieves all the nodes that are connected by an edge from
the currentnode. Given we use nodes of unambiguous length, currentnode can
connect only to nodes of current length-1. Therefore the number of edges con-
necting a node to a preceding one is bound by the size of the indexing vocabulary.
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4.2 GILs Recognition Using Earley Algorithm

Earley Algorithm. Earley’s parsing algorithm [I1] computes a leftmost deriva-
tion using a combination of top-down prediction and bottom-up recognition.
Earley main data structures are states or “items”, which are composed of a
"dotted” rule and a starting position: [A — <3, p;]. These items are used to
represent intermediate steps in the recognition process. Earley items are inserted
in sets of states. There are as many sets as positions in the input string. There-
fore, given a string w = aqas...a, with n > 0 any integer ¢ such that 0 < < n
is a position in w. An item [A — a3, p;] is inserted in the set of states S; if
corresponds to the recognition of the substring a;...a;.

Algorithm 1 (Earley Recognition for GFGs) Let G = (N,T,S,P) be a
CFG. Let w = ajasy - - - a, be an input string, n > 0, and a; € T for 1 <i < n.
Create the Sets S;:
1S =[5 — +5%,0]
2 For 0 < ¢ <ndo:
Process each item s € S1; in order performing one of the following:
a) Predictor: (top-down prediction closure)
If [B— a<ApB,j] € S; and (A — ) € P:
add [A — 7,4 to S;
b) Completer: (bottom-up recognition)
If [B— ve,j]€85;:
for [A — a+Bf,k] € S;:
add [A — aB+j, k] to S1;
¢) Scanner: equivalent to shift in a shift-reduce parser.
If [A — aeaf,jl € S; and w; + 1 = a:
add [A — aa<3,j] to S; + 1
3 If S;y1 is empty, Reject.
4 Ifi=nand S,y1 = {[S" — 5$+,0]} then accept

Earley Algorithm for GIGs. We use the graph-structured stack and we
represent the stack nodes as pairs of indices and counters (the purpose of the
counters is to keep track of the length of the stack for expository and debugging
purposes).

We modify Earley items adding two parameters: [A, O, A — a3, p;] where
A, is a pointer to an active node in the graph-structured stack, and O used to
record the ordering of the rules affecting the stack, such that O < n where n is
the length of the inputﬁ

Algorithm 2 (Earley Recognition for GIGs) Let G = (N,T,I,#,5,P)
be a GIG. Let w = ajas---a, be an input string, n > 0, and a; € T for
1<i<n.

9 Indeed O < 2n, if pop rules “erase” symbols from the stack. An example of such
case would be the following grammar: G4 = ({S},{a,b},{i},{#},{S}.{P}) with P:
S —aS|bS S—S5|e
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Initialize the graph-structured stack with the node (#,0).
Create the Sets S;:
1.5y =[(#,0),0,5" — +5%,0]
2 For 0 < i <ndo:
Process each item s € S; in order
performing one of the following:
a) Predictor
b) Completer
¢) Scanner
3 If S;4; is empty, Reject.
4 Ifi=mnand S,y1 = {[(#,0),0,5" — S$+,0]} then accept

It can be seen that the structure of the main loop of Earley’s algorithm
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remains unchanged except for the requirement that the initial item at Sy (line
1) and the accepting item at S,, +1 (line 4) point to the empty stack node (#,0),

and have the corresponding initial order in the derivation.

The operations predictor, scanner, completer used in the For loop in 2
are modified as follows, to perform the corresponding operations on the graph-
structured stack. As we said, we represent nodes in the graph-structured stack

with pairs (6, C) such that C' < n.
1. Predictor
If [(51,01),01,3 — CY'Aﬂ,j] € S; and (A ? ’Y) € P
"

1.2 add every [(d2,C2),04, A ? *,14] to S;

such that:

if 6 €I then 6o =3, Oy = O; +1 and
leSh( (527 CQ), ((51, Cl) ) s.t. CQ = Cl +1

if § =7 and i = §; then Oy = O; + 1 and
(52,02) € pOp(((Sl,Cl)) st. Co=C1 -1

if 6 =€ then (01,C1) = (d2,C2) and O = O3 (e move)

if 6 = [(51] then ((51,01) = (52,02) and 01 = 02

2. Scanner
If [A,0,A 7 asaf,jl € S;and w; + 1 =a:

add [A,0,A — aa+B,j] to S; + 1
3. Completer A '
If [A1,0,B — ve,j] € S;:
for [5270270 -1,A e asBf, k] € S; where 6 =i if p=1i
add [Al,O—l,A?aB-ﬁ,k] to S;

3. Completer B
If [A1,0,B — «ye,j] € S; where g =€ or p = [i]:
“w

for [02,C5,0, A 2 a* BB, k] € S; where 02 =i if 1 = [i]
add [Al,O,A?aBoﬂ,k] to S;
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The following example shows why the Order parameter is required in the
Earley items. Consider the language L, = {ww |w € {a,b}*}, the productions
of the grammar G, repeated here and the string aaba.

1. S—aS 2.S?bS 3.4 R 4 R—Ral|a 5 R—Rb|D

3 1 Vi

The following derivation is not possible (in particular step 4). The pairs in
parenthesis represent the nodes of the graph—structured stack:

(#,0) S :> (i,1) aS :> (i,2) aaS =(i,2) aaR:> (i,1), aaRa :> (7,7) aaba

However the following sequences can be generated using Earley s Algorithm if
no ordering constraint is enforced at the Completer Operation. In the following
example the square brackets represent substrings to be recognized.

(#,0) S = (i,1) aS = (i,2) aaS = (j ,3) aabS =(j ,3) aabR=>(i,2) aabR[b]=
i i J J

oo

(i,1) aabR]a] [b]:?(#,()) aabala][b]

In the completer operation the just recognized substring jumps up two steps
and completes the “R” introduced after step 3, instead of the one introduced at
step 5. In other words, the following complete operation would be performed:

Given [(#,0),6, R — a+,3] € Sy and [(4,3),3,5 — <R, 3] € S3:

J

add [(#,0),3,5 — R+,3] to Sy
Then the following items are sequentially added to Sy:
a) [(#,0),3,5 — bS+,2]
J

b) [(#a0)7275ﬁa5',1}
C) [(#70)71,57}@50,0]

Complexity Analysis. The algorithm presented above has one sequential it-
eration ( a for loop). It has a maximum of n iterations where n is the length of
the input. Each item in S; has the form:

[(6,C),0,A — asBf, j] where: 0 < 4,C,0,< 1
Thus there might be at most O(i®) items in each S;. Scanner and Predictor
operations on an item each require constant time. The Completer operation (3)
can combine an item from .S; with at most all the items from S; (¢ # j) where O;
is O;—1 : so it may require up to O(i?) time for each processed item. The required
time for each iteration (.5;) is thus O(i®). There are S,, iterations then the time
bound on the entire 1-4 steps of the algorithm is O(n%). The computation of the
operations on the graph-structured stack of indices are performed at a constant
time where the constant is determined by the size of the index vocabulary I.

It can be observed that this algorithm keeps a CFG (O(n?)) complexity if
the values of C' and O are dependant of i, i.e., if for each item:

[(i,Ci), 04, A — o+ Bf, p;|, where 0 < j <1

there is only one value for C; and O; for each i.
In such cases the number of items in each set \S; is proportional to ¢, i.e., O(i) and
the complexity of the algorithm is O(n?). This is true even for some ambiguous
grammars such as the following:
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Gamby = ({S,B,C, D, E},{a,b,c,d}, {i, },#, S, P) where P is
S—aSd S—BC B—=bB B-—=b C—cC C—ec

SSDE DSbD D—b E—cE E—c

3

L(Gamp) = {a™b™c"d™||n,m > 1} U {a"b™c™d"||n,m > 1}

In this case, somehow the ambiguity resides in the CFG backbone, while the
indexing is so to speak, deterministic. Once the CF backbone chooses either the
“BC” path or the “DE” path of the derivation, only one indexing alternative
can apply at each step in the derivation.

The properties of Earley’s algorithm for CFGs remain unchanged, so the
following results hold:

O(nb) is the worst case; O(n3) holds for grammars with unambiguous in-
dexing!%; O(n?) holds for unambiguous context-free back-bone grammars with
unambiguous indexing and O(n) for bounded-statd] and LR(O) context-free
back-bone grammars with unambiguous indexing. These results seem consistent
with those from [4] mentioned in the introduction.

About Correctness of the Algorithm. The correctness of Earley’s algorithm
for CFGs follows from the following two invariants (top down prediction and
bottom-up recognition) respectively:

Proposition 1. An item [A — «f3,1] is inserted in the set S; if and only if
the following holds:

1. 8= ay...a; Ay
2. « é Aj41..-05

The corresponding invariants of the Earley’s algorithm for GIGs are:

Claim. An item [(y,n),k, A — «+[3,1] is inserted in the Set S; if and only if
o

the following holds (where k indicates that k moves on the GIG stack have been
performed, according to the ordering parameter):

1. #S £ T...#ay...a; Ay

2. r..H#a=> YoordEQig 1.0
such that the length of y...# is n.

The CFG backbone remains the same, the only changes in the invariants
and the introduced item correspond to the configuration of the index stack.
What needs to be proven then is the correctness of the operations in the graph-
structured stack. This can be done using the same strategy we used to prove
Theorem [Il

10 Unambiguous indexing should be understood as those grammars that produce for
each string in the language a unique indexing derivation.

1 Context-free grammars where the set of items in each state set is bounded by a
constant.
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5 Conclusions

We have made a very succinct presentation of GIGs and GILs and what we con-
sider their most important properties. We showed a Chomsky-Schiitzenberger
representation of GILs, the main result in this paper. We showed the descrip-
tive power of GIGs regarding the three phenomena concerning natural language
context-sensitivity: reduplication, multiple agreements and crossed agreements.
We introduced a more restricted subset of GIGs (trGIGs): we conjectured they
are not able to capture the reduplication phenomena, and that they are more
limited regarding crossed agreements. An algorithm for the recognition problem
of GILs was presented with a bounded polynomial time result. This algorithm
must be analyzed in much greater detail, including an account of grammar-size,
time-complexity and space complexity properties, and complete analysis of the
ambiguity impact when originated from the indexing mechanism. The proof of
correctness of this algorithm is still due, although we sketched how to construct
it. We conjecture that GILs are semilinear therefore GILs might share mildly
contezt-sensitive properties. The similarity between GIGs and LIGs, suggests
that LILs might be included in GILs. However that might not be the case and
turn out to be incomparable. The possible relations between GILs and MCSLs
in general will be considered in future work. The equivalent automaton class for
GIGs is provided in [5].

Acknowledgments. Thanks to J. Pustejovsky for his continuous support and
encouragement on this project and to R. Sauri for her comments on previous ver-
sions. Many thanks also to an anonymous reviewer who provided many detailed
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Abstract. A new sort of generative grammar is demonstrated to be
more radically “lexicalist” than any earlier one. It is a modified Uni-
fication Categorial Grammar from which even the principal syntactic
“weapon” of CGs, Function Application, has been omitted. What has
remained is lexical sign and the mere technique of unification as the en-
gine of combining signs. The computation thus requires no usual linguis-
tic technique (e.g. Move, Merge, traces, Function Application); which
promises a straightforward implementation of GASG in Prolog. Our
parser decides whether a Hungarian sentence is grammatical and cre-
ates its (practically English) DRS.

1 DRT, UCG, and Total Lexicalism

A “totally lexicalist” generative grammar will be demonstrated in this paper.
The first motivation of the enterprise was the stubborn problem of composition-
ality in DRT (Discourse Representation Theory; e.g. [7], [4]).

The failure of elaborating a properly compositional solution to the language
— DRS transition arises from the fundamental incompatibility of the strictly
hierarchically organized generative syntactic phrase structures (PS; e.g. [9], [5])
with the basically unordered DRSs. Nowadays [2], [4] some kind of Categorial
Grammar (CG) is held to promise the best chance for capturing the language
— DRS transition in a properly compositional manner. The reason lies in the
fact that, in a CG system, language-specific information (about how words can
combine to form constituents, and then sentences), stored in PS rules in the
transformational generative theory, is stored in the Lexicon; the reduced syntax
only “concatenates”: it permits the words with compatible lexical information to
combine (this operation of concatenation is referred to as Function Application).

! DRT is a successful attempt to extend the sentence-level Montagovian model-
theoretic semantics to the discourse level. Its crucial proposal is that a level of
discourse representation must be inserted in between the language to be interpreted
and the world model serving as the context of interpretation. The insertion of this
level, however, has given rise to a double problem of compositionality (language
— DRS, DRS — world model), at least according to the very strict sense of the
Fregean principle of compositionality introduced by Montague [8]. As for the DRS
— world model transition Zeevat [2] has provided a compositional solution, which
could successfully be built in the new version of DRT [4].
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The problem with Classical CG is that it has only a context free generative
capacity, which is held to be insufficient for the description of human languages.
There seem to be two ways to increase the generative capacity of CCG: to let
in, in opposition to the original goals, a few combinatorial means or to introduce
the technique of unification, applied e.g. in Prolog (UCG). It is straightforward
in the spirit of what has been said so far that DRT is (more) compatible with
UCG insisting on a reduced syntax.

UCG is a monostratal grammar, which is based on the formalized notion of
the Saussurean sign: a structure that collects a number of levels of linguistic
description and expresses relations between the levels by sharing variables in the
description of the level information [3 : p145]. The set of well-formed expressions
is defined by specifying a number of such signs in the lexicon and by closing them
under rule applications (i.e. the selected lexical signs can be combined to form
sentences via a finite number of rule applications). In monostratal grammars
the syntactic and semantic operations are just aspects of the same operation. A
prime example of such grammars, besides UCG, is HPSG.

The basic problem with UCG, which has amounted to the starting-point
of GASG, lies in the fact that syntax, deprived of the information concerning
sentence cohesion in favor of the unification mechanism and reduced to the
primitive task of combining adjacent words, will produce linguistically irrelevant
constituents. According to Karttunen’s [1 : p19] remark on UCG trees: they look
like PS trees but they are only “analysis trees”; and he adds “all that matters is
the resulting [morphological] feature set.” Let us take this latter remark on trees
and feature sets seriously: adjacency of words is to be registered in the course
of analysis exclusively and precisely in the linguistically significant cases. The
corresponding technique is to be based on an approach where adjacency and
order among words are treated by, instead of the usual categorial apparatus,
the same technique of unification as morphological cohesion. And what will be
then the “engine” combining words to form sentences (since in CGs the lexical
features of words only serve as filters to avoid inappropriate combinations)?

There is no need for a separate engine at all! The engine must be unification
itself, which is capable of running Prolog programs properly. The rich description
of a lexical sign serves a double purpose: it characterizes the potential environ-
ment of the given sign in possible grammatical sentences in order for the sign
to find the morphologically (or in other ways) compatible elements and to avoid
the incompatible ones in the course of forming a sentence, and the lexical de-
scription characterizes the sign itself in order for other words to find (or not to
find) it, on the basis of similar “environmental descriptions” belonging to the
lexical characterizations of these other words. And while the selected words are
finding each other on the basis of their formal features suitable for unification,
their semantic features are also being unified simultaneously; so by the end of a
successful building it will have been verified that a particular sequence of fully
inflected words constitutes a grammatical sentence, and its semantic represen-
tation, a DRS, will also have been at our disposal.
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Section 2 provides the system of definitions of generative argument structure
grammars (whose superiority over PS grammars will be argued for in footnote
3), and in the last section our parser is sketched.

2 Definition System of GASGrammars

First of all, we provide the abstract definition of language, which is similar to the
one in [6]. Different alphabets (e.g. that of sounds and intonational symbols) can
be considered, however, depending on the task, and the definition of phonological
model is ambitious: it is the (morpho-) phonologist’s task to collect both the
relevant set of morpheme segments and the relations among them.

[Defl: 1.1. Let A be a finite set: the alphabet. Let # and “.” are special symbols
which are no members of A: the space symbol and the full stop. Suppose that,
together with other symbols, they constitute a set Y, that of auxiliary symbols.
A member s of (AUY)* is called a sentence if at least one of its members is an
element of A, (s); # #, (s)% = ., there are no further full stops in the list, and
(s); = # = (8)i41 for no 4.

1.2. An element of A* is the i-th word of a sentence s if it is the affix of s between
the ¢ — 1-th and the i-th symbol #; the first word is the prefix of s before the
first #, and if the last # is the j-th, the suffix of s after it (and before the full
stop) is the j + 1-th, or last, word.

1.3. We call a subset L of (AUY)* a language (over alphabet A) if all of its
members are sentences.

1.4. We call Phon = (Mors, Rel) a phonological model (over alphabet A) if Mors
is a subset of A*, called a set of morpheme segments, and Rel is a set of relations
in Mors.]

Numbering will prove to be a crucial question because corresponding elements
of intricately related huge representations should be referred to.

[Def2: 2.1. Let s be a sentence of a language L over an alphabet A. We call
an element n of (N®)* a (three-dimensional) numbering if (n); = (1,1,1), [if
(n)m = (i, 4, k), either the first projection of (n),,11 isi or (n),+1 = (+1,1,1)],
and [for each number ¢ in the first projection, the set of second elements consists
of natural numbers from 1 to a maximal value p, and for each pair (i,j) there
are exactly the following three members in the numbering: (i, j, 1), (i, j,2) and
(i,7,3), necessarily in this order (but not necessarily next to each other)].

2.2. An element mos of (N® x A*)* is a morphological segmentation of s if [the
[1,2, 3]-projection of mos is a numbering (the numbering of mos)], [it is excluded
in the case of each pair (7,7) that all three fourth members belonging to the
triples (2,4, 1), (4, 4,2) and (7, j,3) in mos are empty lists], and [for each number
u of the domain of the first projection of mos, the u—th word of s coincides with
the concatenation of the fourth projection of the element of mos of the form
(u, 1,1, ) with the fourth projections of all the following elements with number
u as its first projection, just in the order in mos].

2.3. If (i, 4, k,a) is an element of mos, we say that a is the (i, j, k)-th morph seg-
ment of the given morphological segmentation; we can also say that the triple
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consisting of the (i, j, 1)-st, (4, ,2)-nd and (i, j,3)-rd morph segments, respec-
tively, is the (4, j)-th morph of mos.]

Thus each morpheme is divided into exactly three segments, (i, 7, 1), (7, j, 2) and
(,7,3) (out of which at most two are allowed to be empty). Why? In Semitic
languages certain stems are discontinuous units consisting of three segments
between which other morphemes are to be inserted in. It is allowed in GASG
that the cohesion between a morpheme and a particular segment of another
morpheme is stronger that the cohesion between the three segments of the latter.
In Hungarian, segments of the same morpheme can never be separated from
each other. It is useful, however, to refer to a certain segment of a morpheme
— in cases where another morpheme determines just the segment in questio.
Segmentation into just three parts is proposed as a language universal.
Important numbering techniques are defined below again.

[Def3: 3.1. We call an element m of (N?)* a strict (two-dimensional) numbering
if (m); = (1,1), and [if (m)g = (4, ), then (m)gy1 = (4,5 + 1) or (i +1,1)].

3.2. A two-dimensional numbering m is a homomorphic correspondent of a three-
dimensional numbering n if there is a function hom such that for each triple
(1,7, k)(k = 1,2,3) occurring in n, hom({i, j, k)) = (4, j); which can be said as
follows: member (i, j, k) of the three-dimensional numbering is the k-th segment
of member (i, j) of the two-dimensional numbering.]

Despite their great length, Def4-6 are worth commenting together because the
intricate construction of gasg’s described in Def4 can be evaluated through un-
derstanding its functioning: generation (acceptance) of sentences.

[Def4: 4.1. A sextuple G = (A, Phon, B,int, X, R) is a generative argument
structure grammar (gasg) belonging to the phonological model Phon = (Mors,
Rel) over alphabet A (see defl.4.) if [X is a list of lexical items [def4.3.] whose
members are elements of Lex(Term)], and [R is a ranked rule system [def4.4.]
also over term set B [def4.2.].

4.2. B, the set of basic terms, is the sequence of the following sets:

Con(j) = UCon(j);, for j = 1,2,31,32, and i = 0,1,2,...: finite sets of
constants of arity i,

Icon(j) = JIcon(j);, forj = 1,2, and ¢ = 1,2,: finite sets of interpretable
constants of arity i; int can be defined here as a total function int: Icon(j) —
Rel,

Numb: a set of numbers that necessarily includes all natural numbers,
VARy: variables that can substitute for elements of Con(2)y and Numb,
Rank = {rq,...,rx} (K=7).

4.3. A lexical item is a triple li = (ownc, frmc, pdrs) where [1-3]:

2 In this footnote Hungarian morphs are demonstrated with stable first and third
segments but altering middle ones: al-hat ‘sleep-can,” szur-hat ‘prick-can,” kér-het
‘ask-can,’ 1iz-het ‘chase-can.” Besides this frontness harmony, other morphemes are
sensitive to roundness as well.
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Set ownc, own word conditions, is a subset of the following set Form(1) of
well-formed fomulas:

a) For an arbitrary p € Icon(1)k, k = lor2, the expression p(t1,...,t;) €
Form(1) where an argument ¢; is a term, ¢ = 1,2,... k.

b) Triples of numbers, precisely, elements of Numb? x {1,2,3} are terms;
and lists of terms are also terms.

¢) Formula p V ¢ is an element of Form(1) if p and ¢ are its elements.

Set frmce, formal conditions, is a subset of the following set Form(2) of well-
formed fomulas:

a) For an arbitrary p € Con(2)g, k = 2,3,..., the expression p(t1,...,t;) €
Form(2) where argument ¢; is a term for ¢ = 2,... k, but ¢; ¢ Rank for
these values of i, whereas t; € Rank. We call the formulas defined in
this step ranked formulas. We also say that out of these ranked formulas
those which are members of set frmc belong to the given lexical item li.

b) For an arbitrary p € Con(2); or p € Icon(2)k,k = 1,2,..., the
expression p(t1,...,tx) € Form(2) where argument t)i is a term for
i=1,2,...,k, but ¢; ¢ Rank for these values of i.

c¢) Elements of | J Con(2);, for i =0,1,2, ..., are terms;
elements of | J Icon(2);, for i = 0,1,2,..., are terms;
elements of Numb and VAR are terms;
lists of terms are also terms;
elements of Form(2) which are not ranked formulas are all terms too.

d) Formula p V ¢ is an element of Form(2) if p and ¢ are its elements.

e) Formula p A ¢ is an element of Form(2) if p and ¢ are its elements.

Set pdrs, the proto-DRS provided by the given lexical item, is a pair ( bdrs,
embc ) where bdrs (the basic DRS) is a subset of the following set Form(31)
of well-formed fomulas, and embc (the embedding conditions) is a subset of
set Form(32) of well-formed fomulas defined after that:

a) For an arbitrary p € Con(31)y, the expression p(t1,...,%;) € Form(31)
where an argument ¢; is a term. If the given formula is an element of sub-
set bdrs, the terms occupying its argment positions are called referents
belonging to bdrs.

b) Elements of {ref } x (Numb VAR)? are terms where ref is a distinguished
element of Con(31)s.

¢) The expression p(ti,...,t;) € Form(32) where argument ¢; is a term for
i =1,2,...,k, and p € {oldref, newref} = Con(32); or p € {fixpoint,
(, <, #,~} = Con(32)s.

d) Elements of {ref} x (Numb U VARy)? are terms where ref is a distin-
guished element of Con(32)3, and it is also a
restriction that a quadruple ref(i, j, k) can be considered here a term if
it is a referent belonging to set bdrs.

4.4. The ranked rule system denoted by R is defined as an arbitrary subset of
the set rr(Form(2)) of ranked rules over set Form(2) of formulas (defined in
def4d.3.2.): all formulas of the form p <+ ¢ is an element of rr(Form(2)) if p is a
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ranked formula, and [q is a conjunction of elements of Form(2): ¢ = ¢1 AgaA. . .Agq
for some d].]

[Def5: 5.1. An element num of (N? x X)* is called a numeration (over a gasg
G) if [the [1,2]-projection of the list is a strict two-dimensional numbering],
and [members of the third projection are lexical items (coming from the fifth
component of G)].

5.2. If (i, j,14) is an element of num, we can say that the given lexical item i is
the (i, j)-th element of the numeration.]

[Def6: 6.1. A sentence s —a member of (AUY)* in Defl, is grammatical according
to a gasg G = (A,Phon, B,int, X, R) if

there is a numeration num of (N? x X)*,

there is a (cohesion) function coh: VAR — Con(2)g U Numb (def4.2.!),
and sentence s has a morphological segmentation mos of (N3 x A*)* (Def2.2.)
such that the numbering of numeration num is a homomorphic correspondent
of the numbering of segmentation mos

and the (coh,int) pair satisfies [def6.2.] numeration num according to rule
system R.

6.2. Pair (coh,int) satisfies (def6.2.) numeration num according to rule system
R if for each possible (i, j), the lexical item li which is the (i, j)-th member of
the numeration is satisfied. This lexical item li = (ownc,frme,pdrs) is satisfied if
its all three components are satisfied.

1. Formula set ownc is satisfied if,

[in the case of 4.3.1.a., (int’'(¢1),...,int'(¢x)) € int(p) € Rel, where (Rel is
the set of relations in the phonological model Phon belonging to gasg G,
and) function int’ is an extension of int that assigns a number triple (i, j, k)
the (i, 7, k)-th morph segment of the morphological segmentation mos, and
a number pair (i, j) the (4, j, 1)-st morph of mos];

[in the case of 4.3.1.c., p is satisfied or ¢ is satisfied].

2. Formula set frmc is satisfied if one of the cases discussed below is satisfied.
First of all, however, coh’(p) is to defined for elements of formulas of Form(2)
and Form(3): it is a formula whose only difference relative to p is that each
occurrences of variable v (elements of VARg) has been replaced with coh(v).
In the case of 4.3.2.a., a ranked formula p(t1,. .., %) is satisfied if there is a
formula p(t},...,t,) < ¢’ in rule system R such that

coh(p(ty,...,t},)) = p(t1,..., tx), there is a formula ¢ such that coh(q) =

coh(q’), and ¢ belongs to the (i’, j’)-th lexical item in numeration num

for an arbitrary pair (i’, j'), and coh(q’) is satisfied.

In the case of 4.3.2.b., a formula p(t1,..., ) is satisfied if

EITHER there is a formula p(#}, . ..,t,) < ¢’ in rule system R such that
coh(p(ty,...,t})) =coh(p(ti,...,tr)), there is a formula ¢ such that
coh(q) = coh(q’), and g belongs to the (i, j')-th lexical item in nu-
meration num for an arbitrary pair (¢, j’), and coh(q’) is satisfied
(indirect satisfaction),
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OR coh(p(t},...,t})) belongs to the (', j')-th lexical item in numeration
num for an arbitrary pair (¢/,j') (direct satisfaction),
OR (int’(coh(¢1)),. .. ,int’(coh(ty))) €int(p) €Rel (int’ has been defined
in def6.2.1. (direct satisfaction).
In the case of 4.3.2.d., p V q is satisfied if p is satisfied or ¢ is satisfied.
In the case of 4.3.2.e., p A q is satisfied if p is satisfied and ¢ is satisfied.
3. Formula sets bdrs and embc are satisfied if each formula p that can be found
in one of them is satisfied. This arbitrary formula p is satisfied without
conditions.

6.3. Let us denote sem the set consisting of the (coh(bdrs),coh(embc)) for all
lexical items in the numeration. We can call it the discourse-semantic represen-
tation of sentence s.]

In harmony with our “total lexicalism,” lexical item is the crucial means of a gasg
(def4.3.). Tts first component out of the three (def4.3.1.) consists of conditions
on the “own word” deciding whether a morpheme in a (potential) sentence can
be considered to be a realization of the given lexical item (see def6.2.1. and the
last footnote on allomorphs). It is our new proposal [12] that, instead of fully
inflected words (located in a multiple inheritance network), li’s are assigned to
morphemes — realizing a “totally lexicalist morphology”

The component of formal conditions (def4.3.2.) is responsible for selecting the
other 1i’s with which the li in question can stand in certain grammatical relations
(def6.2.2.). It imposes requirements on them and exhibits its own properties to
them. As for the range of grammatical relations in a universal perspective [10],
there are unidirectional relations, e.g. an adjective “seeks” its noun, where the
“seeking” li may show certain properties (number, gender, case, definiteness) of
the “sought” one, and bidirectional relations, e.g. an object and its regent (in
whose argument structure the former is) “seek” each other, where the argument
may have a case-marking depending on the regent, and the regent may show
certain properties (number, person, gender, definiteness) of the argument. The
rule system in the sixth component of gasg’s (defd.4.), among others, makes it
possible to store the above listed language-specific factors outside li’s so frmec
(def4.3.2.) is to contain only references to the relations themselves.

It is ranked implication rules (def4.3.2., def6.2.2.) that we consider to be pe-
culiar to GASG. In addition to satisfying a requirement described in a li directly
by proving that either some property of another li is appropriate or the mor-
phemes / words in the segmented sentence stand in a suitable configuration, the
requirement in question can be satisfied indirectly by proving that there is a lex-
ical item which has a competitive requirement ranked higher. This optimalistic
technique enables us to dispense with phrase structure rules: the essence (precise
details in [13,14]) is that, if word (morpheme) w; stands in a certain relation
with ws,w; is required to be adjacent to wo, which can be satisfied, of course,
by putting them next to each other in a sentence, but we can have recourse to
an indirect way of satisfaction by inserting other words between them whose ad-
jacency requirements (concerning either w; or ws) are ranked higher (and these
intervening words, in a language-specific way, may be allowed to “bring” their
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dependentsﬁ. In def4d.2. seven ranks are proposed as a universal concerning the
complexity of human languages.

The discourse-semantic component of 1i’s (def4.3.3.) is practically intended
to check nothingf] (def6.2.3.) but their “sum” coming from the whole numeration
(def6.3.) provides a “proto-” DRS in the case of sentences that have proved to
be grammatical. Our proto-DRSs seem to have a very simple structure in com-
parison to DRSs with the multiply embedded box constructions demonstrated
n [11]. Nevertheless, they store the same information due to the conditions of
a special status defined in def4.3.3.2. Moreover, several cases of ambiguities can
simply be traced back to an underspecified state of these special conditions. Let
us consider an illustration of these facilities.

(1) Most widowers court a blonde.

most(eg; e1, e2) |fixpoint(eg), eg < e1, €1 < ez, newref(eg)
@) widower(eq;r2) newref(e; ), newref(es)
court(eg; ra,73) newref(ra), e1 &= 19
blonde(rs) newref(rs), r3 ~ 777

(3) e2 & r3: ‘It is often true that if someone is a widower he courts a blonde.’
eo =~ r3: ‘There is a blonde whom most widowers court.’

The basic proposition (whose eventuality referent is eg) is that a situation [e;:
somebody is a widower] often implies another situation [ea: he courts somebody];
symbols ‘<’ refer to these situations’ not being facts but their and some of their
characters’ belonging to fictive worlds [15]. The widower necessarily belongs to
the fictive world of our thinking about an abstract situation (e; & r3). But which
world does the blonde belong to? Referent r3 is looking for its place...And it
can find its place in different worlds (3) — without assuming different syntactic
structures behind the two reading.

Let us finish the section with the definition of a language generated by a gasg:

3 We regard [14] the phenomenon of free-word-order languages sketched below as a
clear advantage (of (the ranked rule system) of GASG over PS grammars: the word-
order version ‘*I gave yesterday Mary in the library a paper.’ of the correct sentence
“Yesterday I gave Mary a book in the library.’ is also acceptable in Hungarian (with
no difference in meaning), but not in English. Thus certain free adverbs (‘yesterday,’
‘in the library’) can be inserted between the finite verb and its arguments quite freely
(in the case of idioms as well, as if ‘Peter kicked yesterday the bucket.” were correct
in English); which can be accounted for in GASG easily - by choosing the same rank
parameter, namely 7, for both the regent-argument adjacency requirement and that
between free adverbs and the finite element of sentences - in the case of Hungarian.
In English, however, the regent-argument adjacency requirement is to be qualified
as stronger. Whilst in a PS grammar a regent and its arguments are to constitute a
phrase so the case of Hungarian (with intervening free adverbs) is hard to explain.

Semantic restrictions (e.g. on the [+human] status of an argument) can be put in
the set of formal conditions (def4.3.2.) among morphologic and syntactic ones.

The freedom in finding the appropriate world has language-dependent restrictions
depending also on the argument status and other grammatical relations of the li of
the indefinite article in question, of course.

I

3]
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[Def7: In the circumstances defined above in def6, we can say that gasg G gen-
erates sentence s through segmentation mos and numeration num, and G assigns
the given sentence DRS sem as its discourse-semantic representation. It can also
be said in this situation that gasg G has generated reading (s, mos, num, sem).
L(G) C (AUY)* is called the language defined by gasg G if L(G) consists of the
sentences generated by G.]

3 Implementation in Prolog

Our work is permanently developed, and the version which is available now can
parse uncompound neutral Hungarian sentences. In our parser we insist on the
theoretically clear principles of GASG, but naturally we have to make some
technical changes according to the special features of programming in Prolog.
Hence, parts of the lexical items in GASG are stored in different places in the
program. The database section contains the lexical items which are morphemes
and consist of the ownword, phonological features and some inherent syntac-
tic conditions (e.g. the argument structure). Other environmental conditions
and properties of morphemes that a lexical item searches are put down in the
synrelations predicate. This part means the syntactic parsing together with a
checking that contains the immprec predicate. The third part of a GASG lexical
item — which is semantics — is represented in the semantics predicates.

The parsing starts with the main predicate gramm, which, after a successful
phonological and morphosyntactic parsing, gives semantic representation formu-
lated as a DRS:

gramm (SENTENCE) : -

words (SENTENCE,WL1), corr(WL1,WL), morphwl(WL, MLABL),

numberlist(1,MLABL,NMLABL), phon(NMLABL,WL), immprec(NMLABL),

synrel (NMLABL, SYNRELLIST, MIXEDLIST),

semantics (MIXEDLIST, DRS, SYNRELLIST, MIXEDLIST),

write(S), writeline(NMLABL), writeln2(SYNRELLIST), writeln3(DRS).

The first six predicates provide for the morphophonological cheking. The
input is a simple string e.g.: "A fid beilil a székbe." ‘the boy in-sit the chair-
INESS’ (The boy sits into the chair.). The words and the corr predicates find the
words in the string and give us a list: ["a", "fid", "beiil", "a", "székbe"],
and after this the morphwl predicate searches the morphemes in the sentence ac-
cording to the lexical items in the database section. Before the linguistic parsing
there is a technical but quite important step: to give serial numbers to the
morphemes. It is necessary because of the unambiguous identification of the
morphemes in the sentence. The morphemes get double numbers that shows in
which word is which morpheme. For example in the sentence Péter be-til-tet-i
a ldny-t o szék-be ‘Peter in-sit-cause-3sg.defobj the girl-ACC the chair-INESS’
(Peter sits the girl into the chair.) the morpheme -tet gets the numbers (2,3). In
this way we can always refer squarely to the morphemes.

The database section contains such lexical items as it is shown below:

lexi(m("","#l",""),labstem("sit",phonfst(1,1,1,2),2, [["NOM","L0OC"]])).

lexi(m("t","A","t"),labder("cause",phonfsu(2,2,0.2,2),2,ac(-1,0,1))).
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All lexical items contain the ownword of the morpheme (m("","fidg","")),
and a “label” with the English “translation”, the phonological features
(phonfst), the category (l=noun/suffix for nouns, 2=verb/suffix for verbs,
3=determiners, 4=adjunct) and the syntactic conditions.

In this phase of the programme we can already account for such phonolog-
ical phenomena as vowel-harmony, lowering, V~ @ alternation, linking vow-
els, lengthening, shortening etc. Phonologically two kinds of requirements are
needed. The first one accounts for the choice of the possible realizations of the
given morpheme (lexical item), these possible realizations are technically vari-
ables in the own words. E.g. in the case of bokor (‘bush’) the own word is bokOr,
and the phonological realization depends on the following suffix: bokor-ban ‘bush-
INESS’ but bokr-ot ‘bush-ACC’. Or in the case of the suffix -ban/-ben (‘in’) the
own word is -bAn, and the frontness of the vowel depends on the frontness of
the stem: bokor-ban ‘bush-INESS’ but szék-ben ‘chair-INESS’. The other kind of
requirements says how the lexical items effect on the phonological realizations
of other lexical items in the same word (e.g. lowering stems or suffixes, or again
vowel-harmony).

The most simple example of indirect satisfaction (def6.2.2) is the calculation
of order of morphemes within words. Every suffix would like to be adjacent to the
stem, but these requirements are not equally strong. According to the definition,
if a requirement cannot be satisfied directly (there are more than one suffix in a
word), it could be satisfied indirectly. If a suffix A wants to be adjacent to the
stem on rank «, and a suffix B wants to be adjacent to the stem on rank 3, and
a < [ then the acceptable morpheme order is: stem, A, B.

The checking /parsing demonstrated above gives us a list that calls the synrel
predicate, which provides the syntactic parsing accordig to the morphemes in the
words of the sentence. The synrel predicate calls the synrelations predicates,
namely the morphemes call their own syntactic requirements. In this way the
programme creates a new list, where next to the morphemes there is always
another list, which contains the grammatical relations that the given morpheme
can establish in the given sentence. The representation of a grammatical relation
is an ordered septuple: gr[X,Z,Y, N,M, K,L]. In the expression the first three
elements are the determiners of the relation: the first string is the name of the
element that calls the relation, the second string is the environmental element
that the first one searches and the third one is the type of the relation. The other
four elements in the representation are the two numberpairs of the morphemes
that have the relations.

In our system finite verbs look for the two pillars of their arguments — the
arguments are defined in the lexical item. For example a non-transitive verb
searches the noun pillar and the determiner pillar of its nominativ argument
(relations: gr("regent", "noun", "subj", X, Y, N, M) and gr("regent",
"det", "subj", X, Y, K, L) and a transitive verb searches four elements: the
noun and determiner pillar of its nominative argument (the same as before) and
looks for the determiner pillar and an accusative suffix as the representative of
the noun pillar of its accusative argument. Determiners look for a noun stem
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for relation gr("det", "noun", "free", X, Y, K, L) and the stem of the fi-
nite verb for relation gr("det", "regent", "_", X, Y, K, L). The common
nouns search the finite verb for a subject relation if they do not have a case
marking suffix. In the case when the noun has a case marking suffix, it looks
for the environmental morpheme. And finally the affixes search the stem for
gr("pref/suff", "stem", "free", X, Y, N, M) and an environmental mor-
pheme for a grammatical relation. For example the prefix be- ‘in’ searches a case
marking suffix, which is the -bAn ‘INESS’.

At this point the programme executes a “local search” — in the sense that
every morpheme is to find environmental morphemes satisfying the appropriate
grammatical relations. But this is far from enough becuse in this way sentence A
fii a lany 4l ‘The boy the girl is sitting’ could be accepted as a grammatical one.
That is why some mutual search is required, which means that members of a
pair of morphemes in a grammatical relation must find each other but no further
morphemes can be found for the same relation. The mutual search is satisfied if
every relation gr(A,B,REL,X,_,Z, ) finds the relation gr(B,A,REL,Z,_,X,_).

If all predicates above are satisfied, the sentence is grammatical “according
to” morphosyntax, and the program gives us a right morphosyntactic output,
which calls the predicate semantics.

If a sentence has a right morphosyntactic output, predicate semantics carries
out semantic selection, and if it is also successful, it can provide the semantic
representation: a DRS.

According to DRT, determiners (and proper names) provide referents, com-
mon nouns predicate something of them, and finite verbs provide a situation
referent besides predicating something (of other predicates). In our new concep-
tion determiners tell in which world they provide the given referent [15]. The
output of our semantic representation is shown in (4-5). The referents contain
three numbers that refer to the morpheme that has provided it (e.g. r(3,1,1)=the
first provided referent by the first morpheme of the third word). The ordering
between the worlds they belong to (see (2-3)) is also represented by the following
relations: ~, <or=, <.

(4) A fid be-iil-tet-het-i a biiszke medvé-jé-t a szék-em-be.
the boy in-sit-cause-can-sg3.objdef the proud bear-poss.3sg-ACC the chair-poss.1sg-INESS
‘The boy can sit his/her proud bear in my chair.’

(5) semantic output for sentence (4):
provref ("old", [r(1,1,1)]1)
provref ("<or=",[r(1,1,1),(e(4,4,1)1)
pred("clever", [r(1,1,1)])
pred("boy", [r(1,1,1)1)
provref ("new", [e(4,2,1)])
provref ("~",[(e(4,3,1),e(4,2,1)]1)
pred("sit_into", [e(4,2,1),r(5,1,1),r(8,1,1)1)
provref ("new", [e(4,3,1)])
provref("<",[(e(4,4,1),e(4,3,1)1)
pred("cause", [e(4,3,1),r(1,1,1),e(4,2,1)])
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provref ("fixpoint", [e(4,4,1)])
pred("may", [e(4,4,1),r(1,1,1),e(4,3,1)1)
provref ("old", [r(5,1,1)]1)

provref ("<or=", [r(5,1,1),(e(4,4,1)1)
pred("proud", [r(5,1,1)]1)

pred("bear", [r(5,1,1)])

pred("owns", [r(0,1,3),r(5,1,1)])
provref ("old", [r(8,1,1)]1)

provref ("<or=",[r(8,1,1),(e(4,4,1)1)
pred("chair", [r(8,1,1)])

pred("owns", [r(0,1,1),r(8,1,1)])

yes
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Abstract. In this paper, we compare the performance of three proba-
bilistic pseudo context-sensitive models on parsing isolating languages.
These models are all based on the conventional probabilistic context-free
grammar (PCFG). The first one is well known for statistical parsing of
English, while the other two are novel models conditioning the siblings
of an expanding nonterminal. We experiment these models on Classi-
cal Chinese, a typical isolating language. And it is quite surprising to see
that through only a little more conditioning, the new models significantly
outperform the first model. To this end, our work shows the impact of
typological distinction on parsing and provides two simple-yet-effective
conditioning models for isolating languages.

1 Introduction

The traditional Probabilistic Context-Free Grammar (PCFQG) is widely used for
parsing natural languages, but generally the results are far from satisfactory,
due to the wrong context-freeness assumptions. There are various approaches to
go beyond PCFG, such as Constraint-based grammar (like HPSG), and Mildly
Context Sensitive Grammar (like TAG). But the simplest method is to main-
tain the PCFG backbone and condition on some history or lexical information.
Typical instances include history-based parsing [7] and data-oriented parsing.
Some state-of-the-art statistical parsers [4J56] are also in this approach, condi-
tioning on lexical heads. In fact, this approach refines the nonterminal set with
additional features that represent contextual and lexical information. But theo-
retically it still remains context-free. So these models are generally called pseudo
context sensitive models, as in [3].

Ideally it is obvious that conditioning on more history results in better pre-
dictions. But practically as the sparse-data problem occurs, it is really a matter
of experimentation to decide what features to condition. In addition, typological
and genetic classifications suggest different methods of conditioning. Unfortu-
nately however, in recent years, the majority of statistical parsers have been for

A. Gelbukh (Ed.): CICLing 2003, LNCS 2588, pp. 48-[51] 2003.
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English and other inflecting languages. Then it should be really interesting to
do some pioneering study of conditioning for isolating languages. In these latter
languages such as Chinese and Vietnamese, all the words are morphologically
unanalyzable, and grammatical functions are expressed mostly by word order.
Intuitively one should condition more on contextual information for isolating
languages. And in the following sections, we will present and study three such
models on a typical isolating language — Classical Chinese.

2 The Three Models

Most state-of-the-art statistical parsers [4l5]6] make heavy use of conditioning on
lexical headwords. But in our work, as there are no large treebank for isolating
languages, we do not use lexicalization. Instead, all the three models in this
paper condition on parent and/or contextual nonterminals/terminals. All the
parameters are learned from a treebank, using the naive Maximum Likelihood
Estimation, and without smoothing.

Model 1: The Old Model. Model 1 is essentially an abstraction and simpli-
fication of well-known conditioning models in the parsing literature. It is based
on pure PCFG and conditions on the parent nonterminal only. Given a rule
N — Ni,Na, ..., N,,, we use the conditional probability

P(N — Ny, Na, ..., Ny, | parent(N)) (1)

in training and parsing. It is almost the same model used in [3], except that their
estimations are made from unsupervised iterations. Some later models like [4]
still use this as backbone.

Model 2: Parent-Rule Model. In comparison, Model 2 is a novel model, but
with only a small difference: it further conditions on the parent-rule, i.e., the
rewriting rule used by the parent to generate the expanding nonterminal. So we
condition the probability as

P(Ni%Ni,laNi,%HwNi,n | N—)Nl,N27...,N7;,...,Nm) (2)

As the parent-rule already implies the parent nonterminal, Model 1 is properly
contained in this model. And intuitively this model is appealing for isolating
languages, because different parent-rule implies different siblings, thus different
context symbols (nonterminals or terminals).

Model 3: The Left-Right Model. Model 3 is a brand new model, also mo-
tivated for context distinction. It conditions explicitly on the direct left/right
context symbols. Here we use a simplified approach, defining the left /right sym-
bol to be the nearest symbol to the left/right on the path to the root. Consider,
for instance, a rule N — Ny, N, ..., N,,, we have:

Left(Nl) = Ni,1(1 <1< m), Left(Nl) = Left(N) (3)
Right(N;) = N;11(1 <i<m), Right(Ny,)= Right(N) (4)
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To complete the recursive Left/Right definition, we intentionally add a rule
TOP — LEFT S RIGHT to the grammar, where S is the original start
nonterminal. And the probability of a rule is conditioned as

P(N = Ni,Na, ..., Ny | Left(N), Right(N)) (5)

In some sense, this model considers more information than Model 2, as some
recursive backtracking symbols are lost there. Illustrations of the three models
are shown in Figure. [l

ToF
LEFT g RICHT
b 1
e
T
VS
L i

{a) i)

®--——" (¢

Fig. 1. Illustrations of the three models. (a) Model 1. the siblings of the expanding non-
terminal are ignored. (b) Model 2. the siblings (contexts) are considered. (c) Model 3.
Examples: dashed lines point to the Left/Right symbols.

3 Results

To test the performances of these models, we conducted a very preliminary
experiment based on [I2] for Classical Chinese, a typical isolating language. All
the three models are implemented by CKY-style dynamic programming. The
POS tags [1] incorporate some syntactic distinctions, and the forward-backward
tagger outputs for each word possible POS tags with probabilities. And there
are 1100 sentences in the treebank [2], where 5% (randomly chosen) is used
as testset, and the others as trainset. The average sentence length is only 5.376
words, since generally Classical Chinese is extremely succinct. And the grammar
rules [2] are binary or unary. To make a better comparison, we experimented the
three models against the baseline pure PCFG model (with a little variation [2]
inherited by the three conditioning models). We use the standard PARSEVAL
measures to compare the performance, and the results are shown in Table. [l
All the results are generally much better than the state-of-the-art results for
Penn Treebank, mainly because the extremely short sentence length in Classical
Chinese. It is quite promising to find that with only a little more conditioning on
nonterminal history, the two new models substantially outperform Model 1. This
is partly because contextual distinction is very crucial in isolating languages.
And new models capture this distinction either by indirectly considering the
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Table 1. Results of different models. We use the same notation as in [A}5/6]

MODEL LR LP CBs 0CBs <2CBs

pure PCFG 86.9 85.7 0.31 725 92.4

Model 1 89.5 90.2 0.28 89.1 94.8
Model 2 96.1 96.1 0.10 96.5 97.8
Model 3 94.0 933 0.14 944 96.9

parent-rule or by directly conditioning the Left/Right symbol. In comparison,
such distinction for inflecting languages may be marginal, as evidenced by the
success of Model 1 in [3]. We also see that Model 3 is slightly below Model 2,
possibly due to data sparseness. Furthermore, it does not distinguish which side
(Left/Right) is closer to the expanding nonterminal, which is partially captured
by Model 2.

4 Conclusion

In this paper, we have proposed three pseudo context-sensitive models for parsing
isolating languages. The two novel models, simple as they are, make promising
improvements against the old model that is successful for English. Our work
advocates different conditioning models for different families of languages and
suggested two working methods of context distinction.

Acknowledgements. We are grateful to Prof. Ruzhan Lu, Dr. John Chen,
Prof. Dan Jurafsky, and the two anonymous reviewers for their helpful advices
and comments.
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Abstract. We present a dynamic deontic model for the interpretation of im-
perative sentences in terms of Obligation (O) and Permission (P). Under the
view that imperatives prescribe actions and unlike the so-called “standard solu-
tion” (Huntley [10]) these operators act over actions rather that over statements.
By distinguishing obligatory from non-obligatory actions we tackle the paradox
of Free Choice Permission (FCP).

1 Introduction

The aim of this paper is to provide a model for the interpretation of direct imperative
sentences in terms of Obligation and Permission. The model possesses properties that
corresponds with our intuitions about the use of obligatory imperatives and is not
affected by inferential problems such as the paradox of Free Choice Permission (FCP)
(von Wright [34, 35, 36]; Wieringa and Meyer [39], Kamp [13]), which in non-
deontic approaches is known as Ross’s counterexample (Ross [28]; von Wright [34]).

In general, imperatives are conceived as sentences used to issue orders or com-
mands (Radford [26]; Lyons [15]; Nodine [21]; Megginson [19]; MacFadyen [16]).
Sentences involving requests, threats, exhortations, permissions, concessions, warn-
ings, advices, etc. can also be taken to be imperatives (see Huntley [11]; Sperber and
Wilson [30] and Hamblin [7] for an extensive classification of imperatives). This is a
broad characterisation, which may include other types of sentences. For simplicity of
exposition, we will adopt a syntactic view of direct imperatives, since this view lo-
cates appropriate sentencesﬂ in a language and allows us intuitively to distinguish
them from statements and questions. We shall adopt the following definition.

Definition: Imperatives are sentences used to ask someone to do or not to do
something and that do not denote truth-values.

! Imperatives are a type of sentence. Levinson says “it seems that the three basic sentence
types, interrogative, imperative, and declarative are universals, all languages appear to have
at least two and mostly three of these” Levinson [14] p. 242).

A. Gelbukh (Ed.): CICLing 2003, LNCS 2588, pp. 52-64, 2003.
© Springer-Verlag Berlin Heidelberg 2003
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This ‘something’ we shall call requirement. Examples are Come here! and Stop!
They have no truth conditions as such.

Arguably, Jorgensen [12] began the modern debate about the modelling of impera-
tives. His main concern was to account for the inferential role of imperatives under
apparent contradiction that they cannot be true or false. Having the imperative a) Love
your neighbours as yourself! and the premise b) Alison is your neighbour it seems
reasonable to infer ¢) Love Alison as yourself even thought a) and c) cannot be true or
false (this pattern is called Jorgensen’s dilemma, see Ross [28]; Walter [37]). Since
1937 there have been different ways of approaching imperatives (Weinberger [38]).
In particular the standard solution (Huntley [10]) describes a common feature in dif-
ferent approaches. Its key characteristic is the assumption that the core meaning of
imperatives is propositional: something that can be true or false. Typical of this ap-
proach is to split imperatives into two parts: a descriptive or propositional and a pre-
scriptive partﬂ Jorgensen’s offers a typical approach akin to the ‘standard solution’
where, for instance, Post the letter! is translated into /The letter has to be posted,
using the symbol ‘!” and a statement. In this way classical logic is used to account for
practical inferenceﬂleading to the derivation of unintuitive conclusions (see descrip-
tion in Pérez-Ramirez [22, 23]).

Deontic logic focuses on imperatives by using deontic concepts such as obligation
and permission (von Wright [34] p. 14). It is one of the most prolific branches de-
voted to the study of imperatives (norms: sentences conveying obligation or permis-
sion) by using the operators Op and Pp, where usually p is a statement.

von Wright [34] presents a standard deontic logic which is akin to the standard so-
lution. This logic validates the counterintuitive expression Op — O(pvgq) which
means that if ‘it is obligatory that p’ then ‘it is obligatory that pvq’. For instance, “If
one ought to mail a letter, one also ought either to mail or to burn it” (von Wright,
1968: p. 20). If O(pvq) means that it is obligatory that pvg, a hearer may choose to
perform g.

In more recent approaches the operator P acts over actions. However Dignum et al.
[5] say that event thought dynamic logic solve some paradoxes in standard deontic
logic, the paradox of FCP still remains under the form P(o) — P(0+f) where oo and 3
are actions and + is the choice operator. They illustrate with the example P(Talk to the
president) — P(Talk to the president + Shoot the president). They propose a logic in
which P operates on actions and they distinguish strong (P,) and weak permission (P,)
(when applied to statements these operators satisfy P (pvg)=P pvP g and
P (pvq)=P pAP q). However, they face new problems, for instance their logic validates
the expression P (o) — P (a& ). They explain, “if o is permitted, it is (also) permit-
ted in any combination with other actions”. So the logic validates the example P(fire a
gun) — P(fire a gun & aim at the president). They propose a solution to these new
problems by making reference to context.

2 Hare [8] used the terms phrastic and neustic respectively to refers these two components.
3 The term practical inference usually refers inferences in which imperatives take part as
premises.
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There have been different proposals to solve the paradox of FCP but according to
von Wright [36], even though a huge literature on the topic has grown up, a univer-
sally accepted solution to these difficulties has not yet been found.

The paradox of FCP is an inferential problem initially caused by the scope of the
classical logic connectives when used with non-propositional objects. Given a state-
ment we can introduce any other statement to form a disjunction. Also, given a con-
junction of statements we can eliminate one of the components. These properties are
not desirable when modelling imperatives. Approaches in which O and P operate over
actions try to restrict the scope of dynamic operators by introducing new operators
and sometimes also new problems. Thus, either we should restrict the application of
classical logic rules when operating on statements in the scope of O and P, or else we
can consider O and P to be applied to something other than statements, and consider
the rules that are appropriate for the operations on such expressions. It is the latter
option that we take here.

Thus, to this end, we follow the intuition that imperatives prescribe actions. Thus, a
dynamic deontic logic (L) is developed here in which the operators for Obligation
O(-) and permission P(-) operate over actions rather that over statements. The in-
tended meaning of the operators O(-) is “It is obligatory to -’ and for P(-) is “It is
permitted to = where “~” is the place for the requested action. The multimodal op-
erator ‘[-]’ is used to model actions behaviour [9] and Hoare’s triple (Pre—[o]Pos

where o is an action, Pre are pre-conditions and Pos are post-condition) is used to
verify correctness of actions. We use the dynamic operators composition ‘;’ and
choice ‘+’ to model the conjunction and disjunction of requirement respectively. One
of the key ideas introduced in the model is the intuition of encapsulating what is
obligatory in order to distinguish what is obligatory from what is not. This solves
some of the paradoxes mentioned above. Actually, it will be shown that the distinc-
tion between obligatory actions and simple actions solves the problem of FCP and the
model behaves according to our intuitions about the use of imperatives.

In particular, if an action is obligatory two things are assumed a) it belongs to a set
where all the obligatory actions are kept and b) it is satisfiable (the action can be per-
formed). The second assumption is analogous to Chellas’s axiom where ‘ought’ im-
plies ‘can’ (Chellas [4] p. 125).

The remainder of the paper is organised as follows: Section 2 analyses properties
of imperatives and their relation with the paradox of FCP. Section 3 presents the
model that involves the main features observed in Section 2. Section 4 illustrates the
use of the model to solve inferential problems. Section 5 includes the main conclu-
sions.

2 Analysis

It is not appropriate to use classical logical connectives between imperatives [22, 23].
Imperatives can be seen to prescribe actions. For this reason, it is more appropriate to
model imperatives in terms of actions and operations between them (as in Dynamic
Logic [9]). In turn, we will argue that obligation and permission (O and P) should
operate over imperatives, not statements. Modelling imperatives in terms of actions
help to solve some counterintuitive results such as the lack of truth—values. Further,
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by ‘encapsulating’ what is obligatory, we can solve the FCP in a fairly simple way.
This mirrors a proposal for the treatment of certain issues in the interpretation of im-
peratives and imperative inference.

2.1 Physical Action and Imperatives

We have said that imperatives convey requirements. Requirements are requests for
action or prescriptions of actions. This view is shared by other authors (Ross [28], von
Wright [34], Hamblin [7] p. 45 and Segerberg [29] among others). For instance
Segerberg [29] takes imperatives to be prescriptions for actions. For Ross ([28] p. 54),
an imperative is a sentence that expresses an immediate demand for action but that
does not describe a fact: an imperative is satisfied if we have the result of an agent’s
action.

Hamblin suggests that the core meaning of an imperative is an action. “We can
analyse, as it were, the kernel or content of the imperative -the action (though the
word is not sufficiently general) that the imperative enjoins- without worrying about
the way in which it enjoins it ...” (Hamblin [7] p. 45, emphasis added).

An imperative might be used to indirectly change the world through the hearer or
to prevent an action, by conveying a requirement. Some examples of prescriptions of
actions are, Write a letter! that prescribes the action of writing and Come here! that
prescribes the action of approaching. Examples of imperatives requiring that a state of
affairs remains unchanged by forbidding or preventing actions are Don’t close the
door! and Don’t turn the lights off! Thus prescribing and forbidding actions are in-
cluded in our definition of imperative and requirements. In our model, imperatives
will prescribe obligatory or permitted actions. The following expressions illustrate
schemas of obligatory imperatives in which dynamic operators model the operators
between requirements.

- 0(a) It is obligatory to a

-0(o, 5 o) It is obligatory to o, AND o,
-O(o, + ) It is obligatory to o, AND o,
-0O(d=m) It is obligatory to o if ¢

-0((0=20)+(=d=0,)) It is obligatory to (o, if ¢ else o)

An action is not frue or false. The operator ‘;’ describes a sequencing suitable to
model the property of dependence. As with conjunctions of imperatives, this operator
is not commutative. We will see that there is no rule to eliminate an action from a
conjunction of actions. The operator ‘+’ describes a disjunction of actions.

2.2 Obligation and Permission

One of the first intuitions about obligatory and permitted actions is that if the action is
obligatory, then it is permitted. That is, if we assume a fixed state of affairs, the set of
all obligatory actions in that state is contained in the set of permitted actions in that
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state. See Fig. 1 below, where PAct is the set of all permitted actions, OAct is the set
of all obligatory actions, and CAct is the complement set between permitted and
obligatory actions.

Usually it is assumed that O and P are interdefinable, as follows O(a) = —P(a’)
and P(a) = —=O(a’), where o is an action and o is the negation of the action o. That
is, if an action o produces the result Q, then o’ produces the result —=Q. We can define
the negation of composed actions as follows.

- If a is an atomic action then a’ is the negation of a
- The negation of (o, ; o) 1is (o, + O,)

- The negation of (o, + o) is (o, ; o)

- The negation of (0 =20) s ((—d)? + o)

Example: o=Come here o’=Don’t (Come here)

Negation of composed actions does not necessarily correspond with common use
of sentences in language but logically actions behave according to the formulation
above. von Wright [35] p. 17 seems to hesitate about the idea of considering that O
and P are interdefinable. Weinberger argues, “If we understand normative systems as
control systems we cannot chose permission as the basic operator, because a system
embracing only permission cannot function as a control system, since permission does
not exclude any possible state” (Weinberger [38] p. 289).

PAct

Fig. 1. Relation between Obligatory (OAct) and Permitted (PAct) actions

2.3 Obligation in a Context

Intuitively, context refers to the situational information or state of affairs where im-
peratives and other type of sentences are uttered. Context might involve a variety of
different factors such as situation, agents (speaker and hearer) and their roles,
amongst others. Whatever precise nature, it appears to play a crucial role in the inter-
pretation of imperatives. Depending on the conditions provided by a context, an im-
perative can be obligatory in that context. For instance, in a military environment a
soldier is not usually in position to give orders to a general.

Authors such as Sperber and Wilson [30], Bunt [2], Manara and De Roeck [17]
agree that context is related to people’s view or perception of the world or a particular
situation rather than the world or the situation themselves. These authors conceive
context in terms of what people have in their minds. That is, the concept of context
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includes the broad band of beliefs, knowledge and intentions. All of them can be
represented as propositions. Following these authors, we subscribe to the view that:

Definition: A context is a consistent collection of propositions that reflects a relevant
subset of agents’ beliefs.

Nevertheless, the view of context as a set of propositions (see Buvac [3]) will not
commit us here to an ontology or classification of components or to the use of opera-
tors such as B for beliefs and K for knowledge (see Ramsay [27]; Turner [32]). We
simply assume that all that which constitutes a context can be represented in terms of
propositions so the context is viewed as a consistent set of propositions. We agree
with Chellas [4] that an imperative can be obligatory in some contexts but not in oth-
ers.

A context can be conceived of as a collection of beliefs. As with any logic of be-
liefs, there may be constraints upon what can be inferred. For example, if we believe
P, it need not mean that we can infer that we also believe (P v Q). Similarly, if we
believe that we are under an obligation to Post a letter, we do not necessarily believe
that we are obliged to Post th