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Abstract
Here we describe the development of a re-usable, multi-purpose linguistic resource for Modern Greek: a deep computational Modern
Greek Grammar. The grammar is written in the HPSG formalism and is being developed in a multilingual context with MRS semantics,
contributing to an open-source repository of software and linguistic resources with wide usage in education, research, and application
building.

1. Introduction and to more specific constructions, such as relative clauses
see (Sag, 1997)), as well as configuration and parameter

grammar fragment of Modern Greek in a multilingual con- lles for the LKB grammar engineering enviranment (see

text. The grammar is couched in the theoretical framework(cc’peshtakfe'”20(_)2))' ‘ detailed |
of HPSG (Head-Driven Phrase Structure Grammar; (Pol. " the following we focus on some detailed examples

lard and Sag, 1994)) and benefits from an organization Oﬁrom the deep Modern Greek grammar we have been de-

semantics based on MRS (Minimal Recursion Semantics\,’e|0ping since January 2003 using the Grammar Matrix,

(Copestake et al., 1999); (Copestake et al., 2001)). as part of the DELPHIN Collaboration (Deep Linguistic
MRS, a framework for computational semantics, in Processing with HPSG: An International Collaboration; for

; : . ; ore seéhttp://www.delph-in.net/ ), which cur-
hich th f ted fl . :
which the meaning of expressions 1S represented as a rently involves research groups from DFKI in Sadidken,

bag of Elementary Predications (EPs), combines naturall i i . ) : .
with typed feature structures, like the ones used in HPSG)éaarIand University, Stanford University, Tokyo University,

and allows for structures which are underspecified for scofne University of Sussex, Cambridge University, and the

pal information and can be compared across Ianguagetgrll'versl'ty of_Tr?r?dhelm, aer \_Nhoze Tam cu(;r_ent rke)_seart(_:h
HPSG itself is also suitable for multilingual grammar de- akes place in three areas: (f) robustness, disambiguation

velopment, since the analyses in the extensive Iiteraturggdssgec'f'c'ty pf I—{P|S(? proc§53|gg,t (||)che app()jllc_gtlcﬁ/ln :)f

written in it can be shared across languages, but alstl. ;lnrgcessmgg niormation Extraction, ?n t(ItIR fu—

parametrized accordingly, and its characteristic type hies'ngual frammar Engineering, aiming mainly at the fur-
her promotion of the central role that robust and deep pro-

rarchy enables the writing of grammars that are easy t(B

extend. Moreover, there are by now many useful Openpessmg of natural language in a multilingual context based

source tools for writing, testing, and efficiently processingon I(-;PSG_ pliys npwad?yij{n human Ian%uaé;e technology.
grammars written in HPSG and MRS: the LKB system for . Iur am eref||5v|t\l\(/jo 0 C.;to ﬁ)(resedntt i eerr]) compL_Jta-I
grammar development (Copestake, 2002), [incr tsdb()] fofional grammar of Modern Greek, and to show the practica

testing grammars and tracking changes (Oepen and Carroﬁypport we have drawn from the Grammar Matrix platform,

2000), and PET, a very efficient HPSG parser for proceyvhich has enabled us to focus on the implementation of

ssing (Callmeier, 2000). very demandir}g Modern Greek data right from the begin-
The tool we use for the development, i.e., the writing ning of the project.
and the testing of the Modern Greek grammar is the Gram-
mar Matrix (Bender et al., 2002), an open source tool de- 2. Modern Greek HPSG Syntax
signed for the rapid development of multilingual broad co-  The fundamental notion of an HPSG grammar is the
verage grammars couched in HPSG and MRS and based aign, a complex feature structure which conveys phono-
LKB. logical, syntactic, semantic, pragmatic and discourse in-
As described thoroughly in (Bender et al., 2002), somdormation at the same time. The attribute-value matrix of
of the very important and useful components of the Grama sign in the Modern Greek HPSG grammar is somewhat
mar Matrix include types defining the basic feature geomesimilar to a sign in the LinGO English Resource Grammar
try necessary for starting off with the development of a(ERG; (Flickinger, 2000)), as well as the HPSG Japanese
grammar fragment in a given language couched in HPSGGrammar (see (Siegel and Bender, 2002)), with informa-
types associated with MRS, a number of rules which retion about the orthographical realization of the lexical sign
flect the general principles of HPSG (e.qg., the Head Featurin STEM, syntactic and semantic information in SYNSEM,
Principle, the Nonlocal Feature Principle, and so forth),nonlocal information in NONLOC, head information that
constructional types, which correspond to the Immediatgercolates up the tree structure via HEAD and subcate-
Dominance (ID) Schemata of HPSG (e.g., the head subgorization information in VAL(ENCE) (whose values are
ject schema, the head complement schema, and so fortt§UBJ, COMPS, SPEC, and SPR). These features, which

In this paper we describe the development of a larg
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are part of the sign geometry, as well as a large number afross-cutting classification, subsuming all typesyfisem
types which inherit from sign itself, are already defined inother tharaff’ (Miller and Sag, 1997).
the Grammar Matrix.
For the implementation of the Modern Greek HPSG (1) synsem
grammar we only needed to define further the parts of
speech which are relevant to Modern Greek along with their
specific head features. To these belong determiners, nouns,
pronouns, affixes, prepositions and verbs, all of which in- canon  noncan  non-aff
herit directly or indirectly from (the type¥ign in the
Grammar Matrix. aff
As far as the subcategorization patterns of verbal predi-
cates in Modern Greek are concerned, it has turned out that gap a-aff p-aff
for the best part these can be accounted for in the imple-
mentation of the Modern Greek grammar by relying on the
material that the Grammar Matrix already provides for. \ L
The grammar implementation is based on a system Ogleflned as in Figure 1.
types. Since the Modern Greek grammar is being de- affixxm
veloped for use in applications, it treats a wide range of r [
HEAD

CANONICITY AFFIXALITY

In the Modern Greek grammar pronominal affixes are

constructions in Modern Greek, including valence alter-
nations, cliticization phenomena, word order phenomena,
subordinate clauses, unbounded dependency constructions

affix
CASE case|
AGREE

suBJ ()
COMPS ()

CAT

(UDCs), raising and control, relative clause constructions, VAL | spec ()
constructions headed by passives, and politeness construc- ssjLoc SPR ()

tions, among others. Due to space limitations, though, only KEYS|KEY [AReo [pNe]]
some of these phenomena can be described here. Thus, for RELS<! !>
purposes of exemplification we focus here on some exam- CONT | Hook|iNDEX [3]

ples from cliticization phenomena in Modern Greek. For a HCONS<! !>

more detailed description of all the phenomena covered in SSILEX + N

the Modern Greek grammar see (Neu and Kordoni, 2003).

2.1. Cliticization Phenomena Figure 1: Type for affixes in the Modern Greek grammar

Central to the efficient deep processing of Modern . . . ) o
Greek is the implementation of clitics and clitic doubling Fo.r the |mplem_entaF|on of pronominal affixes in clitic
phenomena (cf., (Kordoni, 2001)). doubling constructions in Modern Greek:

In general, Modern Greek distinguishes mainly between (5) o petrosto  fonazeito koritsi.
genitive and accusative clitics. Clitics in Modern Greek the Peter.Ncl.A call.3S thegirl. A
share a significant number of properties with what have
been argued to bgronominal affixegn some Romance lan-
guages, such as French, and Italian (cf., (Miller and Sagwe have introduced a new rule in the grammar, ¢hitic
1997), (Monachesi, 1996)). That is, they cannot be topidoubling rule
calized, they cannot be substituted by full pronouns, they The clitic doubling rulé inherits from the type
cannot be coordinated, and they cannot be modified. head-final of the Grammar Matrix, and it enables a

The implementation of Modern Greek pronominal af- verb (the head) and an adjacent affix appearing on the left
fixes in the deep computational Modern Greek grammabf the verb to combine (see Figure 2).
described here draws on mainstream and well-established The verb comes along with a DEPS-ST list, whose lone
theoretical HPSG proposals, according to which in HPSGelement is token-identical to the synsem of the affix. After
words may come along with an argument structure (ARGcombining with the affix, the DEPS-ST list of the verb is
ST/DEPS-ST), which is an attribute that determines theampty. The COMPS list of the verb remains unchanged; it
combinatorial potential of a word, including specific sub- just gets fully copied to the projection V' (see Figure 2),
categorization restrictions (cf., (Manning and Sag, 1999))since at this stage the verb still needs to combine with a
The members of ARG-ST may be of sednonicalor of  direct object (i.e., the “clitic-doubled” N Kkoritsiin ex-
sortnoncanonical(i.e., gapsor affixes see also (1)). As ample (2)), and potentially with more (optional) arguments.
shown in (1),canon(ical-synsem)‘is the type associated Finally, the values of the verb’s SUBJ, SPR and SPEC are
with all signs; noncan(onical-synsengorresponds to an also copied to the projection V' (see Figure 2).

ARG-ST position that is not realized as a local syntactic  In order to restrict the agreement possibilities of the af-
dependent of the head. The latter subtype is in turn dividegix, we restrict the agreement features (person, number, and
into the subtypeaff(ixal-synsempnd gap(-synsem) It is  gender denoted as the value of an attribute AGREE) and
the presence of elements of typ#f on a verb’s ARG-ST
list that triggers the morphological realization of the corre-  Due to space limitations we do not show ttiitic doubling
sponding pronominal affixes. The typen-affprovides a rule here.

“Peter is calling the girl”.
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has led us to innovations in the correspondence between se-

NP VP mantic and syntactic structures in comparison to the Gram-
o Petros \4 NP mar Matrix. . i i
(head-clit-doubl-rule) In the MRS semantic representation of the sentence in
(2) of Section 2.1. that we are showing in (B}, is the ltop
AFF V o koritsi (local top) handle of the sentence, which appears again as

handle ofprpstn (proposition; this conveys that the sen-
tence is a proposition, rather than a question, for instance).
Each noun gets an instantiation varialale (seex4, x11,
Figure 2: Tree representation for the senterf@ePetros to  and so forth in (3)), which is bound to the respective de-
fonazei to koritsi terminers of the nouns. Each entry in the MRS semantic
representation in (3) gets a handle which may be part of a
QEQ-constraint of the HCONS liét. The verbal head in
(3) comes along with three arguments: ARGO, ARG1 and
. . . . . ARG2. Except ARGO, which denotes the event variable of
(ie., CO|.ndexed W'th thg direct ObJeCF NP)' . the verb itself, these arguments are denoted by variables
The information carried by the affix in the semantic reP-\which are shared with those of the corresponding noun
_resentation of Modern Greek c_Iitic doubling construct?onsemries in the RELS. The HCONS list includes the QEQ-
n the_ Modern Gre_e_k grammar is already represented in th@onstraints which hold between the nouns and their deter-
definition of transitive verbs. The value of the ARGO of miners, as well as between the MARG of st (h16)
_the affix is token-identical to the value of the correspond-_ 4 the; handle of the verh10).
Ing AFFIXfeature of thg verb. . . ) The verb in (3) also allows for an affix. Note that the
Thus, in the semantic representation of clitic doubling ¢, entry bears a variablexg), which is identical to the
constructions in Modern Greek like the one in example (2), 5riaple denoting the affix dependent of the verb. The han-

the verb is represented bearing a “slot” for an affix whoseyo of the affix, though, does not contribute to the QEQ-
value is shared with the ARGO value of the affix itself; that . jstraints. The affix has been combined with the verb by

is, in the semantic representation the affix appears as a dizeang of the clitic doubling rule (see Figure 2), and not by
rect dependent of the verb (for more see next Section). 1 aans of the head complement rule, a fact which is mir-

) rored in the way this combination of the affix and the verb
3. MRS Semantics for Modern Greek is denoted in the semantic representation of the sentence in

The deep computational grammar of Modern Greek(2) shown in (3): the affix is not a “real argument” of the
some important aspects of which we describe here, benefitéerb; it is part of the morphosyntactic features of the verb.
from an organization of semantics based on MRS (Minimal (3) Semantic representation in MRS of the sentence in
Recursion Semantics; (Copestake et al., 1999); (Copestake (2):
et al., 2001)). Types associated with MRS are already in- Fmrs .

to fonazei

CASE of the affix accordingly, so that the affix be coin-
dexed with the first element of the COMPS list of the verb

cluded in the Grammar Matrix tool we use for the develop- HoOK {uop hl}
ment of the Modern Greek grammar. INDEX €2
As already mentioned in Section 1., MRS, a frame- ) fonazo
work for computational semantics, in which the meaning ‘L’BL hal rpetros © tBL  h10
of expressions is represented as a flat bag of Elementary ARGO x4 [LBL h7:|] {LBL hg}, AFFIX X9 |
Predications (EPs) encoded as values of a RELS attribute, BoDY h6| |ARGO x4] |ARGO X9 2:;22 ii
combines naturally with typed feature structures, like the RELs< LRSTR ST ARG2 X11 >
ones used in HPSG, and allows for structures which are o -
. . . i LBL h12]| [koritsi prpstn
underspecified for scopal information and easily compara- ARGO x11 ,|:LBL h15:|, |:LBL hl]
ble across languages, thus being very appropriate for gram- BoDY hl4f [ARGO x11] [MARG h1f
mars, like the one we describe here, which are developed in LRsTR h13]
a multilingual context, as part of an international initiative qeq 71 lgeq qeq
for multilingual deep linguistic processing based on HPSG HCONS< [HARG hs(, {HARG h13]] {HARG h16]>
LARG h7| |LARG h15] |[LARG h10

(cf., Delphin Collaboration in Section 1.). Due to space -
limitations, here we discuss only the semantics related to 4. Conclusion and Outlook

the syntactic phenomena we have presented in Section 2.1. In this paper we have presented some important aspects

of the deep computational grammar of Modern Greek we
have been developing using the Grammar Matrix (Bender
etal., 2002).

The analysis of Modern Greek clitic doubling construc-  our aim in this paper has been twofold: to present some
tions (see example (2) and Figure 2 in Section 2.1. abovehteresting aspects of the HSPG grammar of Modern Greek,
as well as to indicate which aspects of the Grammar Matrix

2The AFFIX feature of the verb has been introduced as part
of a new relatiomew-arg12-rel which inherits from the relation 3For more on QEQ-constraints and HCONS lists see (Copes-
arg12-relof the Grammar Matrix. take et al., 1999) and (Copestake et al., 2001).

3.1. The implementation of the semantics of Clitic
Doubling Constructions in Modern Greek
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as broad coverage grammar development platform are helpdiller, Philippe H. and Ivan A. Sag, 1997. French clitic
ful and which have needed further development in the case movement without clitics or movementNatural Lan-
of Modern Greek. guage and Linguistic Theor{5:573—-639.
In future work, the next immediate steps in the effi- Monachesi, Paola, 1996The syntax of Italian clitics
cient deep analysis and processing of Modern Greek in- Ph.D. thesis, University of Tilburg, Tilburg.
clude the connection of the Modern Greek grammar syNeu, Julia and Valia Kordoni, 2003. Implementation of a
stem to a morphological analysis system, the incorporation Modern Greek Grammar Fragment in HPSG. Technical
of use of default entries for words unknown to the Modern report, Department of Computational Linguistics, Uni-
Greek HPSG lexicon, the construction of a treebank, and versity of Saarland.
the application to the grammar of stochastic disambiguadepen, Stephan and John Carroll, 2000. Performance Pro-
tion methods, like, for instance, the ones developed for the filing for Parser EngineeringJournal of Natural Lan-
ERG by the Redwoods project at Stanford University (cf., guage Engineering 6(1): Special Issue on Efficient Pro-
(Oepen et al., 2002)), in an effort to treat ambiguity, one of cessing with HPSG: Methods, Systems, Evaluaiba
the most important performance issues for broad coverage 97.
grammars. Oepen, Stephan, Kristina Toutanova, Stuart Shieber, Chris
As a final remark, it should be mentioned that the Mo-  Manning, Dan Flickinger, and Thorsten Brants, 2002.
dern Greek HPSG grammar is accompanied by a detailed The LinGO Redwoods Treebank. Motivation and Prelim-
documentation (Neu and Kordoni, 2003), which is revised inary Applications. InProceedings of 19th International

by the grammar writers every time new phenomena are Conference on Computational Linguistics, Coling 2002.
incorporated in the grammar and which aims at ensuring Taipei, Taiwan

reusability of the grammar itself. Pollard, Carl and Ivan A. Sag, 199#lead-Driven Phrase
Structure Grammar Chicago: University of Chicago
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