FG-MOL 2005:
The 10th conference on
Formal Grammar
and
The 9th Meeting on
Mathematics of Language
Edin burgh
5{7 August 2005

Organizing Committee:
Gerhard Jaeger Paola Monac hesi
Gerald Penn James Rogers
Shuly Win tner

CENTER FOR THE STUD Y

OF LANGUA GE
AND INF ORMA TION

June 24, 2005



June 24, 2005



1

Mo dular Grammar Design with
Typed Parametric Principles

Ralph Debusmann and Denys Duchier and
Andreas Rossber g

Abstract

This paper intro duces a type system for Extensible Dependency Grammar
(xdg ) (Debusmann et al., 2004), a new, modular grammar formalism based
on dependency grammar. As xdg is basedon graph description, our emphasis
is on capturing the notion of multigr aph, a tuple of arbitrary many graphs
sharing the same set of nodes. An xdg grammar consists of the stipulation
of an extensible set of parametric principles, which yields a modular and
compositional approach to grammar design.

Keyw ords grammar formalisms, dependency grammar, type
systems

1.1 Intro duction

Extensible DependencyGrammar (xdg ) (Debusmannet al., 2004)is a
generalframework for dependencygrammar, with multiple levelsof lin-
guistic represenations called dimensions Its approach, motivated by
the dependency grammar paradigm (Tesnkere, 1959, Mel' cuk, 1988),
is articulated around a description languagefor multi-dimensional at-
tributed labeled graphs. xdg is a generalization of Topological Depen-
dency Grammar (tdg ) (Duchier and Debusmann,2001).
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For xdg , a grammar is a constraint that describesthe valid linguistic
signsasn-dimensionalattributed labeledgraphs,i.e. n-tuples of graphs
sharing the sameset of attributed nodes, but having dierent sets of
labeled edges.It is certral to xdg that all aspects of these signs are
stipulated explicitly by principles: the classof models for eat dimen-
sion, additional properties that they must satisfy, how one dimension
must relate to another, and even lexicalization.

Yet, noformal accourt setin the xdg framework hassofar explained
what exactly theseprinciples are, nor how they can be brought to bear
on speci ¢ dimensions.In this paper, we shov how an xdg grammar
can be formally assenbled from modular componerts called parametric
principles. This yields a modular and compositional approach to gram-
mar design.Compositional coherencds ensuredby a type systemwhose
primary novelty is to accommalate the notion of multi-dimensional
graphs. Instantiation of parametric principles not only imposesgram-
matical constraints, but, through the type system, also determinesthe
necessarystructure of grammatical signs. In this perspective, a gram-
mar framework is simply a library of parametric principles suc as
the one o ered by the xdg DevelopmentKit (xdk ) (Debusmannand
Duchier, 2004). The xdk is a freely available developmert environment
for xdg grammarsincluding a concurrert constraint parser written in
the Mozart/Oz programming language(Mozart Consortium, 2005).

1.2 Extensible Dependency Grammar

We brie y illustrate the xdg approach with an example of the German
subordinate sertence \(dass) einen Mann Maria zu lieben versucht".
Figure 1 shaws an analysis with two dimensions:id models grammat-
ical function and Ip word-order using topological elds (Duchier and
Debusmann, 2001, Gerdesand Kahane, 2001)
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a(acc) man Maria to love tries a(acc) man Maria to love tries

FIGURE 1 Example XDG analysis, ID left, LP right

Both dimensionssharethe sameset of nodes (circles) but have dif-
ferent edges.On id, Maria is subject (sub) of cortrol verb versucht

1(that) Mary tries to love a man { see(Duchier and Debusmann, 2001)
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and Mann object (obj) of lieben. On Ip , Mann and Maria are both in
the Mittelfeld (mf) of versucht i.e. Mann hasclimbed to the nite verb.

The instance of xdg demonstrated above covers only syntax. How-
ever, xdg instancescan use arbitrary many dimensionsof represena-
tion, e.g.e.g.including sematrtics (including predicate-argumert struc-
ture and scope relationships) (Debusmann et al., 2004), prosody and
information structure (Debusmannet al., 2005).

In fact, xdg per seis not a grammar formalism but only a general
graph description language for multi-dimensional attributed labeled
graphs. In order to be used as a grammar formalism, it rst needs
to be instantiated using appropriate principles (seebelow). In this re-
spect, it is similar to Head-driven Phrase Structure Grammar (HPSG)
(Pollard and Sag,1994), which per seis only a description languagefor
typed feature structures (Carpenter, 1992), and becomesa grammar
formalism only when it is instantiated, using appropriate typesfor the
feature structures and the principles for e.g. head feature percolation
and subcategorization.

In particular, xdg is more general than other dependency-based
grammar formalisms like Meaning Text Theory (MTT ) (Mel cuk,
1988), Functional Generative Description (FGD) (Sgall et al., 1986),
Word Grammar (WG) (Hudson, 1990) and Free Order Dependency
Grammar (FODG) (Holan et al., 2000) sinceit can accommalate ar-
bitrary many dimensionsof represertation and arbitrary principles to
stipulate the well-formednessconditions. For instance, the dimensions
of xdg neednot betreesbut canalsobe directed acyclic graphs(dags),
e.g. to handle re-ertrancies for the modeling of control constructions
or relative clauses.In addition, the dimensionscan be totally agnostic
to word order. In our example above, the id dimension did not state
any word order requiremerts, only the Ip dimension did.

1.3 Type System

Formalization. Let V be an in nite set of node variables,L a nite
set of labels, and A a set of attributes. An attributed labeled graph
(V;E;A) consistsof a nite set of nodes V V, a nite set of la-
beleddirected edgest  V V L betweenthem, and an assignmen
A :V I A of attributes to nodes. An n-dimensional attributed la-

labeled attributed graphs (V; E;; Aj) over the sameset of nodesV.

To provide a typed accourt of the xdg framework, we need a sat-
isfactory type for graphs. A rst ideais (fVg;fV VvV Lg;V! A),
where we write f g for set of , but sudc a type is very imprecise:
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it fails to expressthat the nodesusedin the edges(2nd arg) are ele-
mernts of the graph's set of nodes (1st arg). Sinceadditionally elemen
graphs of a multigraph must be de ned over the same set of nodes,
someform of dependert typing (Aspinall and Hofmann, 2005) appears
inescapable.Given that general systemsof dependert typestend to
make type-chedking undecidable,we sketch instead a strati ed system,
using a specialisednotion of kinds (Pierce, 2002), that is su cien t for
our purpose.

1.3.1 Type structure

We assumegiven a number of disjoint setsof symbols D; called nite
domain kinds. Among them, two are distinguished: Nodesand Labels
Much of our type and kinding systemsare quite standard. For reasons
of space,we only detail the parts which are original to our proposal,
andwrite @ ande: forthe judgments that type haskind and
expressione hastype , omitting kinding and typing cortexts.

=7 top Di @? G @? M, @?
i D domain
I Gy jor graph 3 @ °
j Mg, jo multigraph w0
j e

FIGURE 2 Kinds and subkinds

R o R [ domain j [f1: 1;::5;fq 0 n] record
i g set j graph 1 2 3 graph
i (Ca1;::0 n) tuple i [f1: 15::5f0 0 n] multigraph
i1t 2 functon j gramma grammar
j ! singleton j :::

FIGURE 3 Types

Finite domain sum types. They are built from symbols drawn from
nite domain kinds: we write ¢;j  jcc for a nite domain sumtypein
kind D; and p, for its empty sum. Here are their kinding (left) and
typing (right) rules:

C1;::1; ¢ symbolsin Dj cij jok Dy
cij jo D G:iGj Jo
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Kinds G;,j jc, and Mc,; jc, indexed by nite domain sums make it
possibleto havetypesthat dependon speci ¢ subsetsof Nodesor Labels
without requiring more generalterm-dependert types.
Singleton types. If ¢;j joc @ Nodesis the type of nodes of a
graph, then fc;j  jekg is the type of a set of these nodes. This is
not su cien tly preciseto type the set of nodesof the graph becauseit
doesn't expressthat the latter is a maximal set. To achieve this aim,
we intro duce a novel, specialisedvariation of singleton types (Aspinall,
1995, Stone and Harper, 2005). Unlike standard singleton types, our
form does not refer to values, hencewe avoid the needfor dependert
types.We write !(c;j  jck) for the type inhabited by the single value
fc; i1 cg. Herearethe relevant kinding, typing, and subtyping rules:
Dy (el je) = ?
b? fa;:'r;xg: ()  j)
Graph types. A graph is de ned from nite domain types and"
for its nodes and labels, and a type a for its attributes. We write G
for the kind of a graph over node type . Kinding and typing rules are:
::Nodes " :Labels a:? vVl E:f(; ;)9 A ! a
graph " a: G GraphV E A :graph " a
The typing rule requiresthe node set to be assigneda singleton type,
capturing the preciseset of nodesin the type . Typing thus precludes
the set of edgesmertioning invalid nodes. Note alsothat the syntax of
graph kinds in Figure 3 requires to be a concretedomain type.
Multigraph  typ es. A multigraph is a record of graphs over the same
nite domain of nodes.Wewrite M for its kind. Here are the kinding
and typing rules:

l'vfg

ga:G it oG
[frroiissfnign] i M
GG Gh:gh G

[fi=6Gy; i fn=Gn]:[fe:a i fnion] oM
Grammars. An xdg grammar is a set of predicates over the same
multigraph type:

mM “M  S:f ! propg
gramma ::°? Gramma S : gramma
Note that, in order to match our intuitions about grammars, the gram-
mar type should be polymorphic in the nite domain type for nodes,

otherwise the number of nodesis xed. This can be achieved by ex-
tending the kinding systemto admit kind schemesG and M where
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is a domain variable. An xdg framework is a set, alsocalled a library,
of principle templates.

1.4 Typed Templates

Attributes are usually given in the form of attribute/v alue matrices
and principles parametrized by values which can be found at specic
feature paths. For example,on the syntactic dimension(V; Eiq; Aig) the
agreemen tuple assignedto ead word must be one of those licensed
by its lexical ertry: 2

Agr [id = GraphV Eig Aigl = 8v2V :Ajg(v):agr2 Aig(v):lexagrs

We can generalizethis into a reusable principle by abstracting over
feature paths using accessfunctions:

ElemD F; F, M = let GraphV E A=D(M)
in 8v2V:Fi(A(V)) 2 Fa(A(V))

but this is not very legible and, for notational convenience,we explore
here an alternativ e that we call templates

Elemhd;p;;p2i [d= GraphV E A] = 8v2V :A(V):p12 A(V):p2

where d; p1; p2 are feature path variables A feature path is a (possibly
empty) sequenceof features. We write  for a path, for the empty
path, and ; , for the concatenationof ; and . It is possibleto
generalizethe languageby allowing feature paths or feature path vari-

ablesin typesand patterns (and by extensionin record “dot' access)
where previously only features were allowed. The intuition of such an
extension lies in the congruence[ : ] L2 1 Ta:lz2: 11

and in the interpretation of a dot access asapostx function of type
[ ]!

Note that, if we write graph  a for the type of Elem's argument
graph, it is our intention that type inferenceshould require a to match
the pattern [p1: ; p2:f g;:::]. This can be adchieved either with a
type systemsupporting record polymorphism or by adopting an open-
world semarics® for recordsand multigraphs, ala -terms of life . For
simplicity, in this article we choosethe latter.

We write hpg; poi for the type of a template abstracting over
feature path variables p; and p,; t may contain occurrencesof p; and
p2. Wewrite 10 155 0 on) to expresskinding constraints

2We adopt a pattern matching notation with obvious meaning
3no closed arities
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on the free type variablesof . The type of Elem is then:

Elem : hd; py; pei »Nodes " ::Labels ::?)

[d:graph " [py: ; p2:f gI! prop

1.5 Parametric Principles
We now illustrate how typed templatesare intendedto be usedto de ne
parametric principles.* We write v | ¢ v0 for an edge (v;Vv%1) 2 E,
v! ¢ vOfor onewith any label, v! ¢ vOfor the transitiv e closure,and
v! ¢ D for the type-raisedrelation whereD = fv0j 8v! _ v, etc...

Tree Principle. It stipulates the set L of edgelabels and requires
that 1) ead node has at most one incoming edge,2) there is precisely
onenode with no incoming edge(one root), and 3) there are no cycles:
Treedi L [d= GraphV E A] =
8v2V : 8M V:M! v) jMj 1 7
9v2V : 8M V:M! cv) jMj=0 *
82V : 8D V:v! (D) v2D
Here is the type constraint assigningsingletontype!” to L:

Tree: hdi > Nodes™ :: Labels) I'! [d:graph ~ ]! prop

Valency Principle. Incoming and outgoing edgesmust comply with
the in and out valencieswhich stipulate, for ead label ©~ 2 L, how
many edgeslabeled with "~ are licensed:
Valencytd; pin; Pouti L [d = GraphV E A] =
8v2V8 2L : 8M V:M ! V) jMj2 A(V):pin:
8v2V8 2L : 8D V:v ! e D) jDj2 A(V):pout:
Writing N for the type of natural numbers, hereis the type constraint:
Valency : Wd; pin; Pout - Nodes ™ :: Labels)
Pl [d:graph " [pin: ! fNgPou: ! fNg]! prop

Clim bing Principle.  Originating from tdg , this principle expresses
that the tree-shape on dimensiond; is a attening of that of d;: 1) the
dominancerelation on d; must be a subsetof that on d;, 2) on d;, eath
node must land on its d,-mother or climb higher:
Climbinghds; di[d; = GraphV E; A1;d2 = GraphV E; Az] =
8v2V : 8Di;D» Vvl ElDlAV! EZDz) D1 D, ~
8U;; U, V:Ug! EIVAUZ! El! Ezv) U, U,

4For lack of space, we presert only a few principles. For further information, the
reader is referred to e.g. (Debusmann et al., 2004, Debusmann and Duchier, 2004).
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Climbing : hdy; doi :: Nodes)
[dy :graph __;dy:graph __J]! prop

Lexicon Principle. xdg grammars are typically lexicalized: the
record assignmens to nodesare then partially determined by a lexicon
Lex. The lexicon principle stipulates that ead node must be assigned
a lexical entry:

Lexicontdi Lex [d= GraphV E A]=8v2 V :A(v) 2 Lex

Here is the corresponding type constraint, stipulating that the graph
on dimensiond hasno edges(sincethis dimensionhasonly the purpose
to carry the lexical entries):

Lexicon : hdi :* Nodes ::7?)
f gl [d:graph  iapeis ]! prop

Lookup Principle. A lexical entry is normally a record having a fea-
ture for eadh dimension. The lookup principle looks up a lexical entry's
subrecordfor a particular dimensionand equatesit with the piex feature
of the node's attributes:
Lookuphds; dz; piexi [d1 = GraphV E; Ai;d; = GraphV E; Ajz] =
8v2V : Ai(V):pex = Azx(Vv):d;

Lookup : hdy; dy; prexi :"Nodes :17?)
[di:graph _[pex: 1;dz:graph _[di: ]]! prop

1.6 Example ID/LP Grammar

We now describe how the grammar of (Duchier and Debusmann,2001)
can be assenbled in our typed framework of parametric principles. To
better illustrate the compositionality of our approach, we adopt an
incremental preseriation that derives more complex grammars from
simpler onesthrough operations of composition and restriction:

(Gramma S;) ++ (Gramma S,) Gramma (S1[ S2)
(Gramma S;) ==S;, Gramma (S1[ S2)

The grammar requires 3 dimensions:id for syntax, Ip for topology, and
lex for parametrization by a lexicon. They are respectively character-
ized by the following setsof labels:

Lig f det; subj obj; vbse vprt; vinf; prtg
Lip f d; df; n; mf; vcf, p; pf; v; vxfg
L jex ,



References / 9

Figure 4 shons how grammars for the 3 individual dimensions (Giq,
Gip, Giex ) are stipulated by instantiation of principles. For example,
for Gig, instantiation of Treehidi Liy hasthree consequences(l) signs
are required to match [id = X], i.e. to have an id dimension, (2) the
directed graph on that dimension must have labels in Lig, (3) this
graph must be a tree. Gig+ ex iS @ grammar where the id dimensionis
restricted by lexical constraints from the lex dimension:it is obtained
by combining Gjg and Gjex using the composition operator ++, and
connecting them by the Lookuphid;lex principle using the restriction
operator == Similarly for Gy, + ex . Finally the full grammar Giy=p is
obtained by combining Gig+ex and G +ex and mutually constraining
them by the Climbing and Barriers principles.

Glex = Gramma fLexiconHex Lexg
Gig = Gramma f Treehdi Lq;Valencyhd;in;outi Ligg
Gid+lex = (Gig ++ Gjex ) ==f Lookuphid; lex; lexig

Gip Gramma f Treehpi L, ; Valencytip;in;outi L ;
OrderHp; on; order; pos selfi;
Projectivit yHp; podg
Gp+iex = (Gp ++ Giex ) ==fLookuphip; lex lexig
Gid=ip (Gid+1ex ++ Gip+iex ) ==
f Climbinghp; idi; Barriershp; id; blockdg

FIGURE 4 De ning grammars in an incremental and compositional way

1.7 Conclusion

In this paper, we have made a threefold contribution: (1) we describeda
novel systemof restricted dependen typescapableof preciselydescrib-
ing graphs and multi-dimensional graphs, (2) we introduced a notion
of typed templates with which we could expressparametric principles,
(3) we shawved how these could enable a modular and compositional
approach to grammar design. Finally we illustrated our proposal with
an example reconstruction of an earlier grammar.
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