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Abstract

Several formalisms have been proposed
for modeling trees with discontinuous
phrases. Some of these formalisms allow
for synchronous rewriting. However, it
is unclear whether synchronous rewriting
is a necessary feature. This is an impor-
tant question, since synchronous rewrit-
ing greatly increases parsing complexity.
We present a characterization of recursive
synchronous rewriting in constituent tree-
banks with discontinuous annotation. An
empirical investigation reveals that syn-
chronous rewriting is actually a neces-
sary feature. Furthermore, we transfer this
property to grammars extracted from tree-
banks.
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more context-free derivation processes are instan-
tiated in a synchronous way. DPSG, which has
also been proposed for modeling discontinuities,
does not allow for synchronous rewriting because
the different discontinuous parts of the yield of a
non-terminal are treated locally, i.e., their deriva-
tions are independent from each other. So far, syn-
chronous rewriting has not been empirically mo-
tivated by linguistic data from treebanks. In this
paper, we fill this gap by investigating the exis-
tence of structures indicating synchronous rewrit-
ing in treebanks with discontinuous annotations.
The question of whether we can find evidence for
synchronous rewriting has consequences for the
complexity of parsing. In fact, parsing with syn-
chronous formalisms can be carried out in time
polynomial in the length of the input string, with

a polynomial degree depending on the maximum
number of synchronous branches one can find in
derivations (Seki et al., 1991).

Discontinuous phrases are frequent in natural 'n this paper, we characterize synchronous
language, particularly in languages with a rela-féwriting as a property of trees with crossing
tively free word order. Several formalisms havePranches and in an empirical evaluation, we con-
been proposed in the literature for modeling treeifm that treebanks do contain recursive syn-
containing such phrases. These include nonchronous rewriting which can be linguistically
projective dependency grammar (Nivre, 2006),motivated. Furthermore, we show how this char-
discontinuous phrase structure grammar (DpSGa}cterization transfers to the simple RCGs describ-
(Bunt et al., 1987), as well as linear context-ing these trees.
free rewriting systems (LCFRS) (Vijay-Shanker et
al., 1987) and the equivalent formalism of sim-
ple range concatenation grammar (SRCG) (Boul-
lier, 2000). Kuhlmann (2007) uses LCFRS for By synchronous rewriting we indicate the syn-
non-projective dependency trees. DPSG havehronous instantiation of two or more context-free
been used in Plaehn (2004) for data-driven parsderivation processes. As an example, consider the
ing of treebanks with discontinuous constituentlanguageL = {a"b"c"d"™ | n > 1}. Each
annotation. Maier and Sggaard (2008) extracof the two halves of somev € L can be ob-
sRCGs from treebanks with discontinuous con+ained through a stand-alone context-free deriva-
stituent structures. tion, but forw to be in L the two derivations must
Both LCFRS and sRCG can model discontinu-be synchronized somehow. For certain tasks, syn-
ities and allow for synchronous rewriting as well. chronous rewriting is a desired property for a for-
We speak of synchronous rewriting when two ormalism. In machine translation, e.g., synchronous
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rewriting is extensively used to model the syn-the components df such thatl'; ;, < T, j,)
chronous dependence between the source and tafr4; < is.

get languages (Chiang, 2007). The question we Trees showingecursive synchronous rewrit-

are concerned with in this paper is whether we camng can be characterized as follows: We have a
find instances of recursive synchronous rewritinghon-terminal noden; with label A whose yield

in treebanks that show discontinuous phrases. has a gapn; dominates another node with la-

We make the assumption that, if the annotabel A such that for some# j, theith component
tion of a treebank allows to express synchronousf the yield ofn, is contained in théth component
rewriting, then all cases of synchronous rewritingof the yield ofn; and similar for thejth compo-
are present in the annotation. This means that, onent. We call the path from; to n, arecursive
the one hand, there are no cases of synchronowynchronous rewriting ssgment (RSRS).
rewriting that the annotator “forgot” to encode. Table 1 shows the results obtained from search-
Therefore unrelated cases of parallel iterations inng for recursive synchronous rewriting in the Ger-
different parts of a tree are taken to be truly unreiman TIGER and NeGra treebanks. In a prepro-
lated. On the other hand, if synchronous rewrit-cessing step, punctuation has been removed, since
ing is annotated explicitely, then we take it to be aitis directly attached to the root node and therefore
case of true synchronous rewriting, even if, basedhot included in the annotation.
on the string, it would be possible to find an anal- | TIGER NeGra
ysis that does not require synchronous rewriting: number of trees| 40,013 20,597
This assumption allows us to concentrate only on total num. of RSRS in all trees 1476 600

. . . av. RSRS length in all treef 2.13 2.12
explicit cases of synchronous rewriting . max. RSRS length in all treef 5 4

We concentrate on German treebanks annotated
with trees with crossing branches. In such trees, Table 1: Synchronous rewriting in treebanks
synchronous rewriting amounts to cases where dif-
ferent components of a non-terminal category de- Example (1) shows that we find instances of re-
velop in parallel. In particular, we search for casessursive synchronous rewriting where each of the
where the parallelism can be iterated. An examlewriting steps adds something to both of the par-
ple is the relative clause in (1), found in TIGER. allel components. (1) was not an isolated case.
Fig. 1 gives the annotation. As can be seen in The annotation of (1) in Fig. 1 could be turned
the annotation, we have two VP nodes, each ofito a context-free structure if the lowest node
which has a discontinuous span consisting of twglominating the material in the gap while not
parts. The two parts are separated by lexical madominating the synchronous rewriting nodes (here
terial not belonging to the VPs. The two com- VAFIN) is attached lower, namely below the lower
ponents of the second VPgp-Idol and werden VP node. (Note however that there is good linguis-
are included in the two components of the ﬁrst,tiC motivation for attaching it high.) Besides such
higher, VP genausogut auch Pop-Id@indwer- ~Cases, we even encountered cases where the dis-
den lonnen). In other words, the two VP compo- continuity cannot be removed this way. An exam-

nents are rewritten in parallel containing again twoPl€ is (2) (resp. Fig. 2) where we have a gap con-
smaller VP components. taining an NP such that the lowest node dominat-

ing this NP while not dominating the synchronous
(1) ...der genausoguauchPop-ldolhatte werdenkdnnen rewriting nodes has a daughter to the right of the
...whoaswell  also pop-starAUX becomecould ) .
“who could as well also become a pop-star” yields of the synchronous rewriting nodes, namely
the extraposed relative clause. This structure is of
Let us assume the following definitions: We the typea”cb™d, wherea andb depend on each
map the elements of a string to their positions. Weother in a left-to-right order and can be nested,
then say that the yiel@ of a noden in atree is andc andd also depend on each other and must
the set of all indices such that, dominates the be generated together. This is a structure that re-
leaf labeled with theth terminal. A yieldY has a quires synchronous rewriting, even on the basis of
gap if there aré; < iy < iz such that;,i3 € T  the string language. Note that the nesting of VPs
andiy ¢ Y. For alli,j € T with i < j, the set can be iterated, as can be seen in (3).

- < k< qli i
T(m) {k]1 - k<jlis a, component off if (2) ...ob aufderenGelandederTyp von
Ty € Tandi—1¢ YTandj+1 ¢ Y. We order ...whetheron their premiseghe type of
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PRELS ADV ADV NN VAFIN  VAINF VMINF
der genausogut auch  Pop-Idol hatte  werden konnen

Figure 1: Example for recursive synchronous rewriting

Abstellanlage gebautwerdenkonne,der ... RCG, we borrow the LCFRS definitions here: Let

parking facilitybuilt  be could, which... G = (N TV P S> be a simple RCG. For every

“whether on their premises precisely the type of parking P > .

facility could be built, which .. .” A € N, we define the yield ofd, yield(A) as
follows:

3) ...o0b aufderenGelandederTyp von

...whetheron their premiseghe type of a) For evervA(a e ac vield(A):
Abstellanlage eigentlichhatteschon gebautwerden ) yA(d) — &, y (A);

arking facilityactually had alreadybuilt be
gouengder y Y iy b) For every clause

should,which. .. Alar. . an Ax® o ox®
“whether on their premises precisely the type of parking (@1, Gaim()) = 1((m§ T (n{fﬁm(A”)
facility should actually already have been built, which o Am(XT L X )

dim(Am)
and all 7; € yield(4;) for 1 < i < m,
<f(0é1), s >f(adim(A))> € yzeld(A) where
As a conclusion from these empirical results, f is defined as follows:
we state that to account for the data we can find in i) f(t)=tforallteT
treebanks with discontinuities, i.e., with crossing '

branches, we need a formalism that can express (i) FX) = 7)) forall 1 <i <m,1<

synchronous rewriting. j < dim(A;) and
(i) f(zy) = f(2)f(y) forallz,y € (TU
3 Synchronous Rewritingin Grammars V)T,
Extracted from Treebanks

c) Nothing else is inyield(A).

In the following, we will use simple RCG (which
are equivalent to LCFRS) to model our treebank The language is thefw | (w) € yield(S)}.
annotations. We extract simple RCG rewriting We are using the algorithm from Maier and
rules from NeGra and TIGER and check them forSggaard (2008) to extract simple RCGs from Ne-
the possibility to generate recursive synchronoussra and TIGER. For the tree in Fig. 1, the algo-
rewriting. rithm produces for instance the following clauses:

A smple RCG (Boullier, 2000) is a tuple&r =
(N, T,V,P,S) where a)N is a finite set of pred-
icate names with an arity functiodim: N — N,

b) T andV are disjoint finite sets of terminals and S(X1X2X5.X4) — PRELSX1)VP2(X1,X4) VAFIN(X:)
VP (X1 X2 X3,X4 X5) — ADV(X1) ADV(Xo)

PRELS(der)- ¢
ADV(genausogut)— &

variables, c)P is a finite set of clauses of the form VP2 (X3, X1) VMINF( X5)
Ao, aamea) = A(XEY, LX) ) VP2(X1,X2) — NN(X1) VAINF(X)
(m) (m) o
AR (X Xia,,) We distinguish different usages of the same cat-

for m > 0 whereA, Ay,...,A,, € N, XJ(’) € egory depending on their numbers of yield com-
Viorl <i<m,1 < j<dim(A;) anda; € ponents. E.g., we distinguish non-terminalsYP
(TuV)*forl <i<dim(A),ande)S € Nis VP, ...depending on the arity of the VP. We de-
the start predicate name withim (S) = 1. Forall  finecat(A) for A € N as the category of,, inde-
¢ € P, itholds that every variabl&l occurring in  pendent from the arity, e.g:qt(VP2) =VP.
¢ occurs exactly once in the left-hand side (LHS) In terms of simple RCG, synchronous rewrit-

and exactly once in the RHS. A simple R€G=  ing means that in a single clause distinct variables
(N, T,V,P,S) is asimplek-RCG if for all A € occurring in two different arguments of the LHS
N, dim(A) < k. predicate are passed to two different arguments of

For the definition of the language of a simplethe same RHS predicate. We call thiscursive
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: VP : : |
PP NP : [ :
ob aufdem Gelande der Typ von Abstellanlage ... hatte ..ebagt werden sollen, der...

Figure 2: Iterable treebank example for synchronous rawgrit

if, by a sequence of synchronous rewriting stepstal languages. In order to answer this question,
we can reach the same two arguments of the sanvee have characterized synchronous rewriting in
predicate again. Derivations using such cycles oferms of properties of treebank trees with crossing
synchronous rewriting lead exactly to the recursivebranches. Experiments have shown that recursive
synchronous rewriting trees characterized in seceases of synchronous rewriting occur in treebanks
tion 2. In the following, we check to which extent for German which leads to the conclusion that,
the extracted simple RCG allows for such cycles. in order to model these data, we need formalisms
In order to detect synchronous rewriting in athat allow for synchronous rewriting. In a second
simple k-RCG G, we build a labeled directed part, we have extracted a simple RCG from these
graphGg = (Vg, Eg,l) from the grammar with treebanks and we have characterized the grammar
Vg a set of nodes,Eg a set of arcs and :  properties that are necessary to obtain recursive
Vg — N’ x{0,...,k} x{0,...,k} whereN’ =  synchronous rewriting. We then have investigated
{cat(A)| A € N} alabeling function.G is con-  the extent to which a grammar extracted from Ne-
structed as follows. For each claugg(@) —  Gra allows for recursive synchronous rewriting.
Ai(ar) ... Ap(am) € P we consider all pairs of
variables X, X; for which the following condi-
tions hold: (i)X; and X; occur in different argu- References
mentsi andj of Ag, 1 < i < j < dim(Ap); and Pierre BouIIie_r. 2000. Range concatenation grammars.
(i) X, andX; occur in different argumenigand In Proceedings of IWPT
r of the same occurrence of predicalg in the  Harry Bunt, Jan Thesingh, and Ko van der Sloot. 1987.
RHS,1 < ¢ < 7 < dim(4,) and1 < p < m. Discontinuous constituents in trees, rules and pars-
For each of these pairs, two nodes with labels M9- InProceedings of EACL
[cat(Ap), 1, j] and[cat(A,), g, 7], respectively, are David Chiang. 2007. Hierarchical phrase-based trans-
added toV; (if they do not yet exist, otherwise we  lation. Computational Linguistics
take the already existing nodes) and a directed amonald B. Johnson. 1975. Finding all the elementary
from the first node to the second node is added to circuits of a directed graptSIAM Journal on Com-
Eg. The intuition is that an arc i represents ~ Puting
one or more clauses from the grammar in whichMarco Kuhimann. 2007 Dependency Structures and
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is transferred to the same RHS predicate. To de- Versity.
tect recursive synchronous rewriting, we then nee@volfgang Maier and Anders Sggaard. 2008. Tree-
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