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Implementing dialectial variation in typed feature structure grammars

Abstract

Typed feature structure grammars contain the formal machinery to merge
and implement macro- and microperspectives of comparative linguistics, if lan-
guages and dialects are seen as a set of types {71,...,7}, and if {m1,..., =}
are used to appropriately cross-classify the set of empirically attested linguistic
types, say {7j,-..,7n}, i.e. such that some (linguistic) type 7% is compatible with
a subset of languages, but incompatible with others. The cross-classification con-
strains the possible design of linguistic grammars in important ways. From a
theoretical perspective, it is interesting that the type hierarchy of a grammar
T'5 indirectly represents the genealogy and typology of the language A, but from
a more practical point of view, it is also interesting to note how this grammar
design fascilitates easy grammar engineering for related languages in the long
run, e.g. if you have a grammar for language A; and want to write a grammar
for A;, you only have to add the types in A; — A;, if the types of A; UA; are com-
patible with both language types 7a; and 7a;. This also reduces redundancies
in various multilingual applications, e.g. machine translation systems.
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1 Introduction

The LKB system (Copestake, 1999) is an environment for constructing and evaluating
bidirectional grammars, which support the Head-Driven Phrase Structure Grammar
formalism (Sag and Wasow, 1999). The formalism relies on the logic of typed feature
structure grammars (Carpenter, 1992; Copestake, 2000), a logic of some complexity
and to discuss it in any detail would distort the focus of the paper. The reader is
instead left with the references above and a short, informal introduction:

(i) A type hierarchy can be loosely defined as a tuple (T,C, {vy ...v,}, L), where
TCr;and y; C L.

(ii) The fundamental notion in the logic is the join operation (<), which finds the
greatest lower bound of two nodes, say v; and v;. Df. v; < v; = v; and
123 E v; X Vj.

(iii) If two types share no greatest lower bound, i.e. v; > v; = L, they are said to
be incompatible.

Subsumption on feature structures is similar to standard unification; cf. (ii).
A phrase structure grammar (a set of rewriting rules and a lexicon) is defined on
(T, {v1...vn}, L),

How is a multilingual grammar constructed in this framework? Let a set of nodes

{v1,...,v;} be a set of language or dialect types {71, ...,7;} and another set of nodes
{vj,...,vn} correspond to the linguistic types {7j,...,7,} of those languages and
dialects, where {7i,...,7:} N {7j,...,7a} = 0. It is now possible to state that a

certain construction or lexical item 7 is accepted in some language 7, if and only if
T XA TH 7 L.

In this paper, we confine ourselves to a small set of language and dialect types
{m™>,™w, T8, Ts }, where 7p denotes Standard Danish, 7w denotes Western Jutlandic
(a dialect of Standard Danish), 78 denotes Norwegian Bokmal, while 75 denotes
Standard Swedish. The types {7p, 7w, 7B, 7s} are implemented in the following type
hierarchy under 75 (the supertype):



TA

TD-TW-TB  TD-TW-7S TD-7TB-7TS Tw-TB-7S

TD-TW ™D-7B TD-TS TW-TB TW-TS ™B-TS

™D ™ B 7s

The basic intuition is clear: The hierarchy allows a linguistic type to be compatible
with any subset of {7p, 7w, 78, 7s}. To minimize the number of rewriting rule, 75 is
given as a restriction on the possible values of a LANGUAGE feature. The alternative

would be to implement actual subtypes of 74 and {7;,...,7.} (the set of linguistic
types). The final hierarchy has this basic form, where 70 : {75,..., 7 }:
T

TA T
LANGUAGE T3

2 Examples

This section exemplifies the use of the LANGUAGE (or dialect) feature. Since syntactico-
semantic types, morphological types and lexical types are implemented in slightly dif-
ferent ways in the LKB system, one example is given for each grammar module. The
implementation of possessive constructions in our language sample - i.e. Standard
Danish, Western Jutlandic, Norwegian Bokmal and Standard Swedish - will illustrate
the use of the LANGUAGE feature in the syntactico-semantic module. The second
and third subsections are devoted to, respectively, the implementation of inflectional
paradigms and the construction of a multilingual lexicon.

2.1 Possessives

Standard Danish, Norwegian Bokmal and Standard Swedish all have a genitival pos-
sessive. In the framework described above, this translates into saying that the genitival
possessive has a feature structure of the following form:

genitival-possessive
LANGUAGE TpD-TB-TS

In addition, Norwegian Bokmal has a standard prepositional possessive and the
sin-possessive, exemplified by (1) and (2):



(1) gutten  til speiderlederen seiler
boy-DEF to-PREP scout leader-DEF sail-PRES

’the scout leader’s boy sails’

(2) speiderlederen sin gutt seiler
scout leader-DEF PRON-POSS-REFL boy-INDEF sail-PRES

’the scout leader’s boy sails’

If the standard prepositional possessive is said to be a separate construction, this
construction must be marked to be acceptable only in Norwegian Bokmal, i.e. the
value of the LANGUAGE feature is 7g. Similarly for the sin-possessive.

In Western Jutlandic, a fourth possessive construction is employed:

(3) @ pig hend hus
the girl PRON-POSS house-INDEF
’the girl’s house’

(3) differ syntactically from (2) in that the pronoun is non-reflexive. This short list
does not exhaust the number of possessive constructions in Mainland Scandinavian,
e.g. Western Bottnian (a dialect spoken in Northern Sweden) has postnominal gen-
itival possessives and even uninflected ones. In addition, the pronominal possessives
have been completely ignored.

In sum, there are a number of different possessive constructions in Mainland Scan-
dinavian, some of which are shared by subsets of languages and dialects. The 7
hierarchy allows for sound cross-linguistic generalizations. The basic mechanism is
provided by the LANGUAGE feature. Of course, constructions that are only employed
by one dialect are dialect-specific; but this does not mean, however, that these types
cannot inherit from more common types. In fact, if we adopt standard Head-Driven
Phrase Structure Grammar theory, any of the possessive constructions will inherit
(at least) from some binary and headed phrasal type. Sggaard and Haugereid (2004)
claim that all the possessives (plus a number of related constructions) are instances of
the same construction. On this design, the distribution of possessives wrt. languages
and dialects becomes an entirely lexical matter.

2.2 Inflectional paradigms

Open class items are listed in the lexicon as lexemes, while closed class items are listed
as words. Each lexeme is specified to be compatible with some inflectional paradigm.
The types c1, ¢3 and c5 denote such paradigms and constrain the number of inflec-
tional rules that may apply to the lexeme, e.g. the Danish lexeme dreng is constrained
by the inflectional paradigm ¢ (implemented as the value of its INFLECTION feature),
which is compatible with sg-indef-0, sg-def-en, pl-indef-e and pl-def-ene. Similarly,
Norwegian gutt is constrained by c1, while Swedish pojke is constrained by ¢§ (West-
ern Jutlandic does not have definite inflection at all). These constraints provide the
following inflections:



SG-INDEF | SG-DEF | PL-INDEF | PL-DEF

dreng drengen | drenge drengene
gutt gutten gutter guttene
pojke pojken | pojkar pojkane
adj-infl noun-infl verb-infl

sg-indef-0  sg-def-en  sg-def-n  pl-indef-er  pl-indef-e  pl-indef-e-ar  pl-def-ene  pl-def-e-arna

cl c3 c5

The name sg-indef-0 is meant to indicate that no inflection is added to obtain
the singular indefinite, etc. The parse tree below illustrates how lexemes undergo
inflection:

pl-indef-noun-word
STEM <“pojkar”>
SYNSEM
LANGUAGE [1] 7g

|

[n-comm-le
STEM <“p0jke”>
SYNSEM [LKEYS|KEYREL PRED “_boy_n_rel”]

LANGUAGE
| INFLECTION ¢5

Some inflectional rules are only found in a subset of {mp,rw,78,7s}, e.g. pl-
indef-e-ar is only found in Standard Swedish (in our subset of Scandinavian languages
and dialects, that is, the inflectional rule is also found in Nynorsk). Consequently,
inflectional rules are restricted wrt. language and dialect. Of course this implies that
inflectional paradigms only consist of rules, the LANGUAGE values of which have a
greatest lower bound v, where v # L.

2.3 Lexical entries

In the case of open class items, lexical entries contain information about which lex-
eme type the lexemes inherit their most general constraints from. The entries also



specify the phonology, the predicate value of the elementary predicate (and additional
lexical semantics) and the inflectional paradigm. These are standard constraints on
lexical entries. In addition, they are specified wrt. language or dialect. Consider, for
illustration:

n-comme-le
STEM <” dreng”>

SS|LKEYS|KEYREL|PRED “_boy_n_rel”
LANGUAGE Tp
INFLECTION ¢&

If we conceive of the multilingual lexicon as multiple lexicons in one, the lexical
entry for the noun dreng specifies the noun to belong to the Standard Danish part of
the lexicon. Western Jutlandic has a similar noun dreng with similar semantics. In
the multilingual lexicon, however, these are split into two entries, since they belong
to different inflectional paradigms. In principle, you could underspecify the lexical
entry wrt. inflectional paradigm, but this would complicate composition somewhat,
i.e. supertypes would have to be introduced on inflectional paradigms in a rather ad
hoc way.

3 Conclusion

Head-Driven Phrase Structure Grammar (and any other formalism conforming to the
logic in Carpenter, 1992) is expressible enough to implement macro- and microper-
spectives of comparative linguistics. This is theoretically interesting, since it allows
multilingual and typologically adequate grammar engineering. It also means that
matrices specifying the common types for sets of languages (in the sense of Bender
et al., 2002) can function as start kits for the linguist who needs to write a language-
specific grammar for some monolingual application. For multilingual applications,
the cross-classification of linguistic types with language or dialect types reduces ma-
jor redundancies.
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