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Résumeé i a été montré que les Grammaires d’Arbres Adjoints Ensestas (Multicom-
ponent Tree Adjoining Grammars, MCTAG) sont trés utilesraes applications TAL. Pour-
tant, la définition des MCTAG est problématique parce qea’tit référence au procés de déri-
vation méme : une contrainte de simultanéité est imposémecoant la facon dont on ajoute les
membres d’'un méme ensemble d’arbres. En regardant uniguiéarésultat d’'une dérivation,
c’est-a-dire I'arbre dérivé et I'arbre de dérivation, eedimultanéité n’est plus visible. Par con-
séquent pour vérifier la contrainte de simultanéité, il faufours considérer I'ordre concret des
pas de la dérivation. Afin d’éviter cela, nous proposons @amaatérisation alternative de MC-
TAG qui permet une abstraction de I'ordre de dérivation : &dses générés par la grammaire
sont caractérisés par les propriétés de leurs arbres detig@nt

Abstract Multicomponent Tree Adjoining Grammars (MCTAG) is a forisah that has
been shown to be useful for many natural language applitatidhe definition of MCTAG
however is problematic since it refers to the process of énalion itself: a simultaneity con-
straint must be respected concerning the way the membére efémentary tree sets are added.
Looking only at the result of a derivation (i.e., the deritezke and the derivation tree), this si-
multaneity is no longer visible and therefore cannot be kbécl.e., this way of characterizing
MCTAG does not allow to abstract away from the concrete oodeterivation. Therefore, in
this paper, we propose an alternative definition of MCTAQ tfaracterizes the trees in the
tree language of an MCTAG via the properties of the derivatiees the MCTAG licences.

1 Introduction

1.1 Tree Adjoining Grammars

Tree Adjoining Grammar (TAG, Joshi et al., 1975) is a tre@ring formalism. A TAG con-
sists of a finite set of treeglementarytrees) with nonterminals and terminals as node labels
(terminals only label leaf nodes). Starting from the eletagntrees, larger trees are derived by
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Figure 1: TAG derivation fodohn always laughs

substitutionreplacing a leaf with a new tree) aadjunction(replacing an internal node with a
new tree). In case of an adjunction, the new tree is a soetalllgiliary tree that has exactly one
leaf marked as the foot node (marked with an asterisk). Aleotelementary trees are called
initial trees. When adjoining an auxiliary tréeto a nodey, in the resulting tree, the subtree
with root nodey, from the old tree is put below the foot node@f Each derivation starts with
an initial tree. In the final derived tree, all leaves mustensrminal labels. See for example
Fig. 1 : Starting from théaughstree, the tree fodohnis substituted for the NP leaf and the tree
for alwaysis adjoined at the VP node.

TAG derivations are represented by derivation trees tlaatrdethe history of how the elemen-
tary trees are put together. A derived tree is the result ofyrey out the substitutions and
adjunctions. Each edge in the derivation tree stands fordametion or a substitution. The
edges are labelled with Gorn addresses of the nodes whegailtiséitutions/adjunctions take
place! E.g., in Fig. 1 the derivation tree indicates that the eldiamgntree forJohnis substi-
tuted for the node at addressindalwaysis adjoined at node addre2s

1.2 Multicomponent TAG

Multicomponent TAG (MCTAG, Joshi, 1987; Weir, 1988) is a TARtension useful for lin-
guistic applications. An MCTAG contains sets of elementeggs. Starting with an initial tree,
in each derivation step, all trees from one of the tree setadded simultaneously. Depending
on the nodes to which these trees attach, different kinds@TMGs are distinguished: if all
nodes are required to be part of the same elementary trellGAAG is tree-local if all nodes
are required to be part of the same tree set, the gramnsat-®caj otherwise the grammar
is non-local®> Consider for example the non-local MCTAG derivation in Fg.the tree for
to be certainadjoins to the lower S node tike, the WH and NP nodes dike are substituted
for whatandJohnrespectively, andloesandseemare adjoined simultaneously to the upper S
node oflike and the root node db be certairrespectively. These last two operations cannot be
performed before having addéal be certainto like, otherwise the simultaneity requirement is
not satisfied.

Intuitively, the requirement of adding all elements of a@neéntary set simultaneously is easy to
understand and this definition of MCTAG seems very clear. él@x, the simultaneity require-
ment imposes certain derivation orders even though a diftesrder might lead to the same
adjunctions and substitutions and to the same derived e, in Fig. 2 one might as well

1The root has the addressand thejth child of the node with addregshas address;.

2Cases where MCTAGs have been argued to be useful are eatrsiotit of complex NPs as in “which painting
did you buy a copy of” where the two parts of the complex NP #&thba part of one elementary structure but cannot
be part of the same elementary tree. For such examples Knalchoshi (1987) propose to use tree-local MCTAGS.
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Figure 3. TAG derivation trees for the TAG underlying Fig. 2

start by addingloesto like (at the higher S node), then adjdmbe certainto like (at the lower

S node) and then adjoseento to be certain This yields the same derived tree with the same
adjunctions and substitutions. But the simultaneity regjaent is not respected. Consequently,
in order to check whether a given tree is part of the tree lagguone has to check the possible
derivations of this tree including the different derivatiorders. In contrast to this, in a TAG it
is sufficient to check whether there is a derivation treedjig the tree in question. l.e., one can
abstract away from the order of the derivations steps. Hdrig. 1, no matter in which order
Johnandalwaysare added, the derivation tree and consequently the deriredre the same.

For MCTAG as well one would like to abstract away from diffieces with respect to derivation
order that do not make any difference concerning the sultistits and adjunctions that are
performed. One way to achieve this is to consider an MCTAG &8@ G with additional
multicomponent tree sets (sets of initial and auxilianesrédromG) where certain derivation
trees inG are disallowed since they do not satisfy certain conssaibtg., the derivation trees
in Fig. 3 are both possible in a TAG with the elementary treemfthe MCTAGG), in Fig. 2.
The first derivation tree is the one for the derivation frong.Bi Since we know that only
doesandseemare in one set and sinc®esandseemare dominated by different daughters of
like (namelydoesandcertainrespectively), this is a possible TAG derivation treeig,. The
second derivation tree is possible in the underlying TAGrnmitin G;,: sinceseemadjoins into
does it is not possible to addoesand seemsimultaneously to different nodes in an already
derived tree. With this characterization of MCTAG one gel<f the problematic simultaneity
requirement. Instead, one characterizes in a descriptasetive properties of the derivation
trees licensed by the grammar. The advantage of this noratqeal perspective is that one
needs not to check all possible derivation orders with retjeethe simultaneity constraint.

In section 2, standard definitions of TAG and MCTAG are givEnen, in section 3, an alterna-
tive descriptive characterization of MCTAG is proposed.

2 Standard definitions of TAG and MCTAG

We assume that the definitions of initial and auxiliary traad the definitions of substitution
and adjunction are already knowna TAG (see, e.g., Vijay-Shanker, 1987) is a tuple=

3For formal definitions of initial and auxiliary trees withrtain alphabets of nonterminal and terminal symbols
and also for formal definitions of the operations substitutind adjunction see for example Kallmeyer (1999).
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(I, A, N, T) with N abdT being finite sets of nonterminals and terminals, &rahd A being
finites sets of initial and auxiliary trees with nontermmal and terminald’.

InaTAGG = (I, A, N, T), aderivation steps defined as follows: Let and~’ be finite trees.
v = ~'in G iff there is a node positiop and a treey, € I U A* such thaty’ = v[p, v].> = is
the reflexive transitive closure ef. Thetree languagef G is thenL;(G) := {~| thereis an
a € I suchthar = ~ and all leaves iny have terminal labels

Each node addregsin a derived tree points at a node belonging to some elemeinégay,. In

~. this node has some address In the following we assume that the addrese a derivation
stepy = +/ of the node where the adjunction/substitution takes platiea corresponding tuple
(pe,Ve). This is possible since each node in a derived tree in TAGrgslainiquely to one of
the elementary trees used in the course of the derivatiog., the address of the ADV node

in the derived tree in Fig. 1 i¢l, always). Using these addresses we can define derivation
trees: Aderivation treeis a tuple(V, £) of nodes and edgesV is a finite set of instances of
elementary trees arlC NV x N/ x N* where N is the set of Gorn addresses. (The edges are
directed from the mother node to the daughtefdr a TAGG = (I, A, N, T) and a derivation

Yo = 7 = Y2 = 7, in G, the derivation treé N, £) is then as followsr, € N, and for

all derivation steps; = 7,11, 0 < 7 < n in the derivation such that there is a node position
(pe,ve) @and atreey € T U A with v;.1 = 7[(pe, V), 7]: ¥ € N and(y.,~, p.) € £. These are

all nodes and edges. In a derivation tiee= (\V/, £), theparentrelation is the relation between
mothers and daughter®, := {(n;,n2) | there is ap € IN* such that(n,,ns,p) € £}. The
dominanceelation is its reflexive transitive closur®p := {(ny,ns) | n1,ns € N and either

ny = ny or there is au3 such thatn, n3) € Pp and(ng,ny) € Dp}.

Finally, we define multicomponent TAG (MCTAG, Joshi, 1987eivW1988): Amulticompo-
nent TAGIMCTAG) is a tupleG = (I, A, N, T, A) such thatGr ¢ := (I, A, N,T) is a TAG,
andA C P(IUA) is a set of subsets dfU A, the set of elementary tree séts.= 4/ is amulti-
component derivation stap G iff there is an instancéy,, . . ., v, } of an elementary tree set in
A and there are pairwise different node addregses ., p, such thaty = v[p1, 1] - - - [Pn, Va)
wherey([p1,71] - - . [pn, Tn] 1S the result of adding the; (1 < i < n) at node positiong; in ~.
As in TAG, a derivation starts from an initial tree and in theafiderived tree, all leaves must
be labelled by terminals.

In each MCTAG derivation step, the trees from a new elemgritaie set are added to the
already derived tree. Since they are added to pairwisediftanodes, one can as well add them
one after the other, i.e., each multicomponent derivatioan MCTAGG = (I, A, N, T, A)
corresponds to a derivation in the TA@&- 4 := (I, A, N, T'). Let us define th&AG derivation
tree of such a multicomponent derivation as the correspondingaten tree inG'y 4.8

4To be precise, this must be an occurrence of an elementaryHienceforth, whenever we use an elementary
tree in a derivation we actually mean an occurrence of tiisiehtary tree.

5As usual, we use the following notations for substitutio ajunction. For trees and+’ and for node
positionsp, v[p,~'] is defined as follows: Ify’ is (derived from) an initial tree with root lab&l € N and the node
at positionp in « is a substitution node with labél, then~[p, ~'] is the tree one obtains by substitutiomdfinto
~ at node positiom. If ' is (derived from) an auxiliary tree with root lab&l € Nand if the node at positiopin
~ is an internal node with labeY, theny[p, 7’| is the tree one obtains by adjunctiongfto v at node positiom.
Otherwisey|p, 7] is undefined.

SLinear precedence is not needed in a derivation tree simtmeit not influence the result of the derivation.

"P(X) is the set of subsets of some Sét

8This TAG derivation tree is not the MCTAG derivation tree defi in Weir (1988). The nodes of Weir’s
MCTAG derivation trees are labelled by sequences of eleangtiees (i.e., by elementary tree sets) and each edge
stands for simultaneous adjunctions/substitutions aflanents of such a set.
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3 A descriptive characterization of MCTAG

The TAG derivation trees for MCTAG derivations have certpioperties resulting from the
requirement that the elements of elementary tree sets neustitbed simultaneously: Firstly,
if an elementary tree set is used, then all trees from thisnsist occur in the derivation tree.
Secondly, one tree from an elementary tree set cannot bétstdxs or adjoined into another
tree from the same set. Thirdly, different tree sets canaatbterleaved. More concretely there
cannot ben tree sets such a tree from the first is added to a tree from tundea tree from
the second to a tree from the third etc. (which amounts toragiitist thenth tree set, then the
(n — 1)th etc.), while at the same time a tree from tith set is added to a tree from the first
set. For non-local MCTAG, these are all constraints the T&@wation tree needs to satisfy.

Lemmal LetG = (I, A, N, T, A) be an MCTAGG ra¢ := (I, A, N, T). LetD = (N, ) be
a derivation tree inGr 4 with the corresponding derived trééeing inL(Graq).

D is a possible TAG derivation tree { with ¢t € L(G) iff D is such that

e (MC1) Theroot ofD is an instance of an initial tree € I and all other nodes are instances
of trees from tree sets 1A such that for all instanceB of elementary tree sets fro and
forall ~,,v, € I': if v, € NV, theny, € V.

e (MC2) For all instanced” of elementary tree sets frogh and for all v, v, € T', v1 # 7!
{(71,72) & Dp.

e (MC3) For all pairwise differentinstancds,, I'y, ..., I',,,n > 2 of elementary tree sets from
A: there are noy!” 1§ € Ty, 1 < i < nsuchthaty{”, ") € Dp and(+\?, 7§~y € D)
for2 <i<n.

The proof is given in Kallmeyer (2005). The lemma gives us & wwacharacterize non-local
MCTAG via the properties of the TAG derivation trees the gnaan licenses and thereby to get
rid of the original simultaneity requirement: The corresgimg properties are now captured
in the three constraints (MC1)—(MC3). Since these consgaieed to hold only for the TAG
derivation trees that correspond to derived trees in theltieguage, sub-derivation trees need
not satisfy them. In other words; and~, from the same tree set can be added at different
moments of the derivation as long as the final TAG derivatiea satisfies (MC1)—(MC3).

We can now define tree-local and set-local TAG derivatioegigy imposing further conditions:
LetG = (I, A, N, T, A) be an MCTAG. LetD = (N, ) be a TAG derivation tree for some
t € L({(I,A,N,T)). Dis amulticomponentlerivation tree iff it satisfies (MC1)—(MC3) is
tree-localiff for all instances{1, ..., v,} of elementary tree sets with,...,v, € N: there

is oney such that(y,v1), ... {(v,7) € Pp. D is set-localiff for all instances{~,...,7,} of
elementary tree sets with, . . ., v, € N: there is an instanck of an elementary tree set such
that for alll < i < nthereis &; € I" with (¢;,~,;) € Pp.

The following lemma is immediate.

Lemma 2 Letd be an MCTAG.

e (G is atree-local MCTAGIff the set of trees generated By L, (G), is defined as the set of
those trees that can be derived with a tree-local multicongmd TAG derivation tree itr.

e (i is aset-local MCTAGIff the set of trees generated 6% L1 (G), is defined as the set of
those trees that can be derived with a set-local multicorepdbmAG derivation tree .
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4 Conclusion

MCTAG is an extension of TAG that has been shown to be usefuiniany natural language

applications. Therefore a profound understanding of thinematical properties of the formal-

ism is indispensable. In a TAG, the central structure of a/d@on, the derivation tree abstracts
away from the order of derivation steps as long as the reSthieaderivation is the same: in the
derivation tree, the adjunction/substitution operatioagesponding to different daughters of
the same node can be performed in any order without influgribie derived tree one obtains.
Consequently, the derivation trees are unordered witrectdp linear precedence.

This way of abstracting away from the concrete order of dian steps is not possible with
the classical MCTAG definition. The definition is problensasince it refers to the process
of the derivation itself: a simultaneity constraint mustrespected concerning the way the
members of the elementary tree sets are added. Looking btiig aesult a derivation (i.e., the
derived tree and the derivation tree), this simultaneityadonger visible and therefore cannot
be checked. l.e., this way of characterizing MCTAG does Howeato abstract away from the
concrete order of derivation. Therefore, in this paper, wappse an alternative definition of
MCTAG that characterizes the trees in the tree language @MmAG via the properties of
the TAG derivation trees the MCTAG licences. In this way, iICWAG like in TAG, the TAG
derivation tree can be considered being the central steictiuthe formalism and the desired
abstraction can be obtained.

Apart from the fact that this descriptive characterizattdiMCTAG helps to understand the
mathematical properties of the grammar formalism, it pbdpalso has an impact on pars-
ing. Parsing can be done independently from concrete demssince the simultaneity con-
straint need not be checked. Only the outcoming derivateestneed to be checked for well-
formedness in the sense of (MC1)—-(MC3). However, we do nagymithis further here and we
leave the subject for future research.
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