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1 Introduction

Many recent variants of Tree Adjoining Gremmars
{TAG) allow an underspecilication of the parent re-
lation between nodes in a tree, i.e. they do not deal
with fully specified trees as it is the case with TAGs.
Such TAG variants are for example Description Tree
Grammurs (DTG) (Rambow. Vijay-Shanker and
Weir 1995), Unordered Vector Grammars urth Dom-
tnance Links (U'VG-DL) (Rambow 1994a, 1994b), a
definition of TAGs via so-called quas:-trees {Vijay-
Shanker 1992}, {Rogers and Vijay-Shanker 1594),
{Rogers 1994) and (Local] Tree Description Gram-
mars (TDG) (Kallmever 1997, 1998a). The last
TAG variant, local TDG, is an extension of TAG
generating tree descriptions. Local TDGs even al-
low an underspecification of the dominance relation
between node names and thereby provide the possi-
bility to generate underspecified representations for
structural ambiguities such as quantifier scope am-
biguities.

This abstract deals with formal properties of local
TDGs. A hierarchy of local TDGs is established
together with a pumping lemma for local TDGs of
a certain rank. With this pumping lemma one can
prove that the class of local TDGs of a certain rank
n contains the language L, := {af---af [k > 0} iff
i< 2n.

2 Local TDGs

Local TDGs, proposed in (Kallmeyer 1997), consist
of tree descriptions, so-called elementary descrip-
tions, and a specific start descripiion. These tree
descriptions are negation and disjunction free formu-
las in a quantifier-free first order logic. This logic al-
lows the description of relations between node names
ki, k» such as parent rejation (i.e. immediate domi-
nance) k, < k;, dominance (reflexive transitive clo-
sure of the parent relation} k) <* &,, linear prece-
dence k, = ko and equality k|, == ky. Furthermore,
nodes are supposed to be labelled by terminals or by
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atomic feature structures, The labeling function is
denoted by ¢, and for a node name k, 8(k) = t sig-
nifies that & has & terminal label ¢, and ald(k)) m v
signifies that k is labelled by a feature structure con-
taining the attribute value pair (g, v).

Tree descriptions in a local TDG are of a certain
form, roughly speaking they consist of fully specified
(sub)tree descriptions that are connected by domi-
nance relations.’

In an elementary description 1, some of the node
names are marked (those in the set K); this is im-
portant for the derivation of descriptions. A sample
local TDG is shown in Fig. 1 (in the graphical repre-
sentations, some of the node names are omitted for
reasons of readability). Conjuncts such as k; «* k;
in ¢g that are not entailed by the other conjuncts,
are called strong dominance,

Starting from the start description ¢s, local TDGs
generate tree descriptions. In each derivation step,
a derived ¢; and an elementary description 1 are
combined to ohtain & new description ¢. Roughly
said, ¢ can be viewed as & conjunction of ¢y, 4 and
new formulas k = &' or k <* k' where k is a name
from ¢, and &' & name from 4. This derivation step
must be such that

1. for a node name &y, in v, there is a new equiv-
alence iff either ky is marked or ky is minimal
{dominated by no other name, e.g. kg in vy and
kyy in 2 in Flg- 1].

2. a marked or minimal name k' in 3 that is not,
a leaf name {i.e. dominates other names) but
does not dominate any other marked name must
became equivalent to a leaf name in ¢,

3. the names k from ¢; that are used for the new
equivalenc.c must be part of one single elemen-

'Some of the conditions holding fo iptions i

g for dexcriptions
local TDG are left aside here. For a formal dgﬁ.nitio::;
local TD}YGs see (Kallmeyer 1998a).



tary or start description, the so-called derivo-
tion description of this derivation step {first lo-
cality rondition},

4. for each marked name %, in « with a parent,
there must be a strong dominance k; <1k, in ¢
such that k» & ky is added and the subdescrip-
tion between ky and the next marked or min-
imal name dominating ky must be dominated
by k; (second locality condition},

5. and the result @3 must be maximally underspec-
ified.

As the first condition shows, marked names are
comparable to foot nodes in an auxiliary tree in a
TAQG since they specify those parcs of an elementary
description ¥ that must be connected to a derived
description ¢ when adding ¥ to ¢ in a derivatiou
step.

The second condition describes a kind of substi-
tution. Only leaf names in the old description can
become equivalent to names that do not dominate
other marked names.

Conditions 3. and 4. express the locality of the
derivations. All names in the old description that
are chosen for new equivalences must be part of
the derivation description, and furthermore a sub-
description between two minimal or marked names
must be “inserted” inte a strong dominance where
the dominated name iz part of the derivation de-
scription. These conditions can be compared to the
locality restriction of the derivation in a set-local
multicomponent TAG (MC-TAG) (Weir 1088}, In
fact, for each set-local MC-TAG, an equivalent local
TDG can be constructed (Kallmeyer 1998a). How-
ever, local TDGs are more powerful than set-local
MC-TAGs because the locality condition restricts
only the derivation of descriptions but not the way
a minimal structure for a derived description is ob-
tained. This locality constitutes a crucial difference
between local TDGs and DTGs since derivations in
DTGs are non-local. Each subtree of a d-tree that
is added in a derivation step to a derived d-tree
can be inserted into any of the d-edges in ~.

If 2 marked name has no parent, then an under-
specification of the dominance relation can oeccur
in the result of a derivation step (see (Kallmeyer
1998b, Kallmeyer 1998a)). In this paper, such cases
are not considered, and for the examples mentioned
here, the fifth condition is of no consequence.

In Fig. 1 for example, a derivation step ¢s % &
is possible with ¢1 = ¢s A Ak = Ep Ak =
kit A h -4 k23 I ka Q" le-
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4 local TDG generates a set of descriptions. Each
of these descriptions denotes infinitely many trees.
The trees in the iree larnguage of a local TDG are
those trees that are “minimal” for one of the derived
descriptions. A minimal tree of a description ¢ is a
tree v satisfying ¢ in such a way that

1. all parent relations in -y are described in ¢, and

2. if two different node names in ¢ denote the same
node in v, then these two names neither have
both a parent in ¢ nor have both a daughter in

@

The first condition makes sure that everything in
7 is deseribed in ¢, and with the second condition
no parent relation in the tree is described more than
once in ¢.

For the local TDG in Fig. 1 for example, only
those descriptions have a minimal tree that are de-
rived by adding ¥ in the last derivation step.

The string longuage of a local TDG G is the set of
all strings yielded by the trees in the tree language
of G.

TDGs allow “multicomponent” derivations and a
vniform complementation operation similar to sub-
sertion in DTGs. Furthermore, they provide un-
derspecified representations for scope ambiguities
{Kallmeyver 1998b) since they allow the generation
of descriptions with underspecified dominance rela-
tions.

3 Rank of a local TDG

For a given TAG, an equivalent local TDG with
at most one marked name per elementary descrip-
tion can be easily constructed. Obviously, the extra
power of local TDGs iz contrast to TAGs arises from
the possibility of marking more than one node name
in an elementary description. In Fig. 1 for example,
1f, and ¥ both contain two marked names. The lan-
guage generated by this local TDG is no TAL. This
suggests the definition of a hierarchy of local TDGs
depending on the maximal number of marked node
names in an elemneutary description.

Two kinds of marked names can be distinguished:
marked names where the part of the description
dominating this name can be put somewhere “in be-
tween” on the one hand (e.g. k17 and ky; in 42 in Fig.
1), and on the other hand marked node names that
must be identified with a leaf name (e.g. k3 and k4 in
¥ in Fig. 2). Since there is a similarity between foot
nodes of auxiliary trees in TAGs and the first kind
of marked node names, these are called adjunction-
marked (a-marked). For similar reasons, the second



Start description:
o5 =k; Q" ks A k2 qk:;/\ks‘d'k.‘l\kq 'Cks
Acat(d(k;)) = 5 A cat(dlke}) = T,
Acat(d(ka)) = T Acatld(ke)) = T3 A dlks) =«

Elementary descriptions:
W = kg " hkrAak; akg ks Q" ka aks dkie
ncat(d(ke}) = SA---
Yo =k A kin Ak kg Ak akis Ak 9k
Akiy < kg Akpg <kar AkiaQ ks AL
o Acat(dtkn)) = SAcat{dkiz)) = SA ...
oo A d(kag) = ar A b{kar) = as

Koy = {ks, kio}, Ky, = {k17. 23}

Graphical representations:

S
{marked names with asterisk} h
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N
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¢Ss . W S ” 'I.|1 ks
'é['l k2 5 % az T; ks a7
| |
e o /le\
’5113 ky "]"2 iy 23 T; kay 36
| | |
¢ T3 k10 T3 ko
ae T3 k2 as

Figure 1: Local TDG for {a}afajajafogatag |0 <
n} with two a-marked names in each elementary de-
scription

Ps f\ ¥ S

Sl 82 &1 SI S; ka
Y2 S € ¢
ks 37 53 k.
a; 5 a2 a3 Sz a4

Figure 2: Local TDG for {afafafel |0 < n} with
two s-marked names in each elementary description
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kind of marked names are called substitution-marked
{s-marked).?

Roughly speaking, in a derivation step, for each
s-marked name in the new elementary description,
there is one substring added to the yield of the de-
scription, and for each a-marked name, two sub-
strings are added {e.g. a1az for k3 in Fig. 2, g1a.
and arag for k7 in Fig. 1 and aza, and esas for ko
in Fig. 1). Therefore, a-marked names count twice as
much as s-marked names for the rank of a local TDG:
aloca]l TDG G isof rank n iff n = maz {i| thereis an
elementary ¥ in G such that ¢ is twice the number of
a-marked names in © plus the number of s-marked
names in ¥}.

For a given local TDG it is always possible to
find a weakly equivalent }ocal TDG with one more
s-marked name per elementary description. There-
fore, the class of languages generated by local TDGs
of rank i forms a subset of the class of languages
generated by local TDGs of rank i + 1 for é 2 0.

As shown in {Kallmeyer 1998a), the classes of local
TDLs of rank Q and 1 are equal, they are exactly the
context-free languages. The class of local TDLs of
rank 2 contaijus all TALs.

4 A pumping lemma

The idea of the pumping lemma for local TDGs of
a certain rank n is similar to the one leading to the
pumping lemma for TALs in (Vijay-Shanker 1987).
As shown in (Kallmeyer 1997), the derivation pro-
cess in a local TDG ean be deseribed by a context-
free grammar Ggg. For Gor, the pumping lemma
for context-free languages holds, This means that
in a derivation tree {of G¢cF) from a certain tree
height on, there is a subtree 7 that can be iter-
ated. For the corresponding local TDG, this sig-
nifies that an elementary 4 ¢an be added twice such
that: before adding % again we have the following
situation for a string w yielded by the old descrip-
tion; W = Tipl1+ - Zim_1YmT1m where T1; € T,
y) -+ - Um 15 the string yielded by the subdescription
derived from ¢ (ordered by linear precedence). As a
next derivatiou step, ¢ is added again. If the gram-
mer is of rank ., then by adding 1), the string w can
be split by inserting at most r new strings. Before
the next adding of ¥ (corresponding to another iter-
ation) takes place, these substrings will be expanded
to substrings wy, -+ -, tw, with wy -~ Wy = ¥y -+ V.
These w; may be split into several words (with other
words in between) but the order of the letters is as

*These two characterizations are not exclusive, for
examples of node names that are hoth a-marked and s-
marked see {Kallmeyer 1998a).



in v - Um. If this is repeated k times, k£ > 1, then
one ends up with a word contaning the letters of
Z, ;= Z1p- - T1m and k occurrences of all symbols of
w) - - - Wn that are for each of these oceurrences (from
left to right) ordered as in w) - - - wy. In the last steps
(after the iterations of the derivation subtree 7}, the
symbols of some string z; € 7~ are added.

Therefore the pumping lemma is as ollows: for
each word w in the string language of a loca! TDG
of rank n with |w| greater than some constant eg:
after removing the letters of some words z, and o
from w, the resulting word has the form wy - -wn.
Then for each k there is a word w(*} in the language
containing also the letters of z; and z», sueh that: if
these letters are removed from w*), the result w* ig
a word that can be obtained by taking k accurrences
of wy - 1wy, and then, starting with ¢, taking (in
arbitrary order) always the left letter of one of these
k words a5 the next letter in @'*!. Furthermore, 1w{*)
still contains as substrings one occurrence of each of
the words wy,- -+, u, (in this order).

For the language Lsn, := {a] ---af, |0 < m} for
example the lemma for rank n holds with ¢z =
2n-1, o =19 = & if w= " -2}, then
w; = agl_,a5;.

With the pumping lemma, it can be easily shown
that for i > 2n, L, = {a]"++-e™|m > 0} does not
satisfy the pumping lemma for TDGs of rank n and
therefore cannot be generated by a local TDG of
rank n.

Consequently, for all n > 1, the string languages
of TDGs of rank n form a proper subset of the string
languages generated by TDGs of rank n + 1.

5 Conclusion

In this paper, the rank of a local TDG was defined
based on the number of marked names in the ele-
mentary descriptions of the grammar. Two kinds of
marked names are distinguished, namely s-marked
and a-marked names. Since derivations in local
TDGs can be described by a context-free grammar,
the pumping lemma for context-free grammars can
be applied to the derivation trees of a local TDG.
This leads to the proof of a pumping lemma for lo-
cal TDGs of a certain rank n. Roughly said, accord-
ing to this pumping lemma, in a derivation step, for
each s-marked name in the new elementary descrip-
tion, one substring is added, and for each a.marked
name, two substrings are added. With this pumping
lemma one can show that for n > 1 the languages
generated by local TDGs of rank n form a proper
subset of languages generated by local TDGs of rank
n+ 1.
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