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1. I ntroduction

Prague Arabic Dependency Treebank (PADT), recgntblished in its
first version (Hajt et al. 2004a) by the Linguistic Data Consortiug, |
both a collection of multi-level linguistic annatats over Modern
Standard Arabic, and a suite of unique softwarelempntations
designed for general use in Natural Language Psowgs

The underlying theory of this resource is reviewedHaji¢ et al.
2004b). In the present paper, we focus rathehemptactical aspects of
using the PADT data and the computational toolsriginal research.

1.1 Data survey

The corpus of PADT 1.0 consists of morphologicalhd analytically
annotated newswire texts of Modern Standard Arakigch originate
from Arabic Gigaword (Graff 2003) and partly overlaith the plain
data of Penn Arabic Treebank, Part 1 (Maamourl.&2G93) and Penn
Arabic Treebank, Part 2 (Maamouri et al. 2004).

The rough survey of the annotations is given inlddb Data sets
AFP, UMH and XIN come from the earlier period oéthroject when
morphological annotations were not based on the phwfrees
technology (cf. Subsection 2.1). Therefore, thesfirecording the
process of morphological disambiguation of thes&a dauld not be
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distributed. Still, the resulting morphologicalanfnation is available in
the analytical files, along with the analytical atations.

The other data sets, namely ALH, ANN and XIA, amnmplete
already and provide files of three different typesion-annotated text,
MorphoTrees annotations, and analytical annotatiorisrmation from
the morphological level is also, as a prerequigtepagated into the
analytical level. Not all the data are processetath levels, though.

Data | [A] Tokens [M] |Original Data Provider |News Period

AFP | 13 000 — Agence France Presse 2000 / VIl
UMH| 38 500 — Ummah Press Service 2002 / 111
XIN | 13500 — Xinhua News Agency 2003 /V

ALH | 10000 | 73500| Al-Hayat News Agency 2001/I1X
ANN | 12500 | 25500, An-Nahar News Agency 2002/ Xl
XIA | 26500 | 49500| Xinhua News Agency 2003 /V

113500 Analytical level | TrEd Netgraph Oraculum Encode::Arapic
148 000 MorphoTrees softwar e + documentation

Table 1: Survey of the contents of the Prague Ardbependenc
Treebank 1.0. Columns [A] and [M] represent the hanof syntacti
units, i.e. tokens, for analytical level and Morphees, respectively.

1.2 Annotation environment
The indispensable annotation environment for timd aarious other
treebanking projects is the TrEd tree editor (Hefial. 2001) written in
Perl/Tk. It is not only a fully programmable andstamizable graphical
user interface, but also an excellent suite ofitigd for automated,
optionally parallel, processing of the data (comsisy checks and
revising, batch conversions, search, differencéuatian, etc.).

TrEd is documented on http://ufal.mff.cuni.cz/~z#jeed/. We will
explore some of its features in Subsection 4.2.

1.3 Treebank search engines

Netgraph (Mirovsky & Ondruska 2002) is a clientvserapplication
for efficient searching in treebanks. Unlike TrEdprovides the user
with an easy-to-learn graphical query language doas not presume
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any programming skills. The client applicationngiemented in Java,
and is available on http://quest.ms.mff.cuni.czjregph/.

Oraculum (Ljubopytnov et al. 2002) supports lingeely even
more expressive queries, and operates through histicpted web
browser interface, which is now being ported tobAca

1.4 Other tools

Next to several other linguistically significantistions (cf. Section 5),
there is the Encode::Arabic module (Smrz 2003)Herl that supports
miscellaneous modes of processing of the non-triyiet ingenious
ArabTeX encoding notation of the Arabic script ardits phonetic
transcription (Lagally 2004). Encode::Arabic coveéng Buckwalter
transliteration as well.

2. Data Structures

The PADT annotations are distributed as UTF-8 eadddes in the FS
format, which is documented on TrEd’s website. Tdad the array of
associated tools and libraries provide optionsctverting these data
into several XML-compliant formats, and vice ver$eEd’'s graphical
renderings can be printed as PostScript, PDF, aganiiles.

If independent data processing is desired, thes fdan best be
accessed using the Fslib module for Perl, whiclavailable in the
distribution along with many other modules and@srserving for data
flow management, migration of annotations, updatargl quality
checking, difference evaluation or execution oteygtic revisions.

The non-annotated textual data are provided inotiginal XML
format of the Arabic Gigaword corpus.

2.1 Functional morphology & MorphoTrees

The morphological annotations of PADT used to diyeemploy the
information produced by Buckwalter Arabic Morphaoilca Analyzer
(Buckwalter 2002). With the introduction of Functa Arabic
Morphology (Smrz in prep., Smrz et al. 2005), afirphological tags
were mapped as closely as possible into the cup@sitional notation
representing individual grammatical categoriesapasate columns.
The new type of annotations required a differesanibiguation
tool. The flexibility of TrEd made it possible t@sign and implement
MorphoTrees in it as a special annotation cont8rirg & Pajas 2004).
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MorphoTrees is the idea of building effective anatuitive
hierarchies over and among the input and outpuingstr of
morphological systems. It is especially interestiog Arabic and the
functional morphology, but it is not limited to leér of these.

Figure 1 illustrates how MorphoTrees organize tlarphological
information/analyses into a multi-level hierarcfiyhe leaves of these
trees are the imaginable tokens with their taghasatomic units, and
the root is the input string being analyzed, oragally an entity (some
tree of discourse elements).

Rising from the leaves up, there is the level ohrieas of the
lexical units, the level of non-vocalized standarthographic forms,
and the level of decomposition of the entity int@emjuence of such
forms, implying the number of tokens and their bpegl

As a convenient extension, the overall solutionthefannotations
can also be viewed in a similar hierarchical stitet An example of
such a paragraph tree is given in Figure 2.

2.2 Analytical dependency trees

Analytical annotations represent the surface syofathe language in
the dependency formalism outlined in (Kagt al. 2004b). They
provide a link from morphology to tectogrammatics the level of
linguistic meaning — of the Functional Generatives@etion theory
(cf. Sgall et al. 2004).

The analytical level is modeled with dependenegs¢rwhose nodes
map, one to one, to the tokens resulting from thaphological
analysis and tokenization, and whose roots groamtides according
to the division of the discourse into sentencesavagraphs.

Edges in the trees establish/reconstruct synteglations between
the governor and the dependent, or rather, theenhdabtree under and
including the dependent. The nature of the govemnseexpressed by
the analytical functions of the nodes being linked.

In addition to this strict dependency structuréonmation of other
kinds and character can be captured in the trele#e \womputational
procedures for inferring any complementary infoiomat can be
implemented independently of data. In TrEd, resofudbf grammatical
correference is automated in this manner. ldemigfyresumptive
pronouns and deverbal inner objects by themses/eaaugh for some
algorithm to find their grammatical counterpartsl aender these pairs.
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Figure 3 (very right):

Analytical tree featuring advanc
phenomena like ellipsis of atieer
predicate, deverbal inner objects
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Figure 4 (above left):
Analytical representation of the sentence of Figravith displayec
morphological tags. Note the topology and functiofghe predicat
and its participants (subject, direct and indir@lofects), and consid:
differences among the distinct attributive modificas.



LEARNING TOUSE THEPRAGUE ARABIC DEPENDENCYTREEBANK 7

In Figure 3, the instances of such non-dependeal@tions are
shown with dashed arcs. Nonetheless, one mighnbeigh Figure 4
for a more elementary example of an analytical. tree

3. Installation and General Setup

PADT 1.0 is distributed by Linguistic Data Consonti, University of
Pennsylvania, http://www.ldc.upenn.edu/. The PAD®jgrt has its
own website, http://ufal.mff.cuni.cz/padt/, whehe tdata and the tools
are documented in detail, and from where updatdsatensions to the
distribution are available.

User’s installation should start with TrEd / Pamd might proceed
with downloading the Netgraph client / Java. Thitveare applications
are platform independent, and it is relatively e&syset things up.
Installation of the data management scripts andubesdor the CVS
repositories for the FS annotation files is optlona

In order to search PADT with Netgraph, the cliapplication must
connect to a server accessing the data. Users eloceme to register
with our Netgraph server, even though servers tsankee run locally.

4, The Quest for IMPROPER ANNEXATION

Let us have a look into the annotated data. Lirtguised to search for
a particular phenomenon in the language, evaluatmmntrast it with
some other phenomena, consider the contexts oéusay

The example case that we will explore in this isectis the
IMPROPER ANNEXATION in Arabic. A condensed definition of this
phenomenon might not be precise — and we will noéngbt it.
Instead, we will pronounce and eventually refing miuition that
improper annexation is a genitive construction vehbsst term is an
adjective, and whose second term is a [definitejn(f. for instance
Schulz 2004:131-133,140,149).

We will, of course, use the treebank in order & &d improve the
description of this notion. More importantly, welmtearn about the
applicability of PADT and its tools, and about solingtations.

4.1 Querying PADT with Netgraph

A query in Netgraph is a generalized subtree hattiegproperties of
the desired treebank structures specified as atésbof its individual
nodes or edges. Queries can be created interactirelugh a graphical
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interface, or equivalently, they can be linearizsed bracketing-style
notation, which we will use here.

Figure 5: Netgraph query for the analytical levelsimple relation.

The example query in Figure 5 will return all ogemces of
adjectives that have an attributive noun as oniscofhildren. Such a
relation is weaker than what improper annexatioguires. In
particular, the query ignores any constraints omdwarder, mutual
distance, grammatical case and definiteness thaexpect from a
genitive construction. Anyway, it is just fine tekaNetgraph again and
more specifically, adding some attributes to thdesoand listing the
acceptable combinations of morphological categdnese tags. This
gradual ruling out of irrelevant solutions is agfal practice.

Netgraph queries need not concern the analyteadl lonly. The
structures in MorphoTrees can be investigated dk @Wensider the
query of Figure 6, which says: look for the paragrarees, i.e. those
whose root (_depth=0) is of type ‘paragraph’, inichhwe are
interested in two immediately succeeding token soole the lowest
level (_depth=3) such that the first one is a nufefinite adjective and
the second one is a non-indefinite noun eitheragdyt in genitive, or
with the value for case unset. Recall Figure Zofetter visualization.

[ t ype=paragraph, _dept h=0]
(

[ _transitive=true, _depth=3,
_nanme=N1,
t ype=token_node,

i _transitive=true, _depth=3,
or d={N1.ord}+3,

Figure 6: Netgraph query for improper annexatioMorphoTrees.
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Upon submitting this query to the server, we neganuch more
precise tips of what improper annexation couldBig.when browsing
through the results in Netgraph and trying to deitee which of these
are and which are not the appropriate cases, oyeuswally not see
enough context of the surrounding paragraphs, amdmat export the
information in a very flexible way in order to pexs it further. Neither
may the data be edited directly, if one is suppdeanake corrections
based on the search. How do we meet such requitentean?

4.2 Searching and viewing in TrEd

TrEd, even in its graphical annotation mode, carkwath filelists, by
which we define the extent of the corpus wherecteaperations are to
take place. Besides the obligatory menu item ‘Nadeénd ...’ by its
attributes, there is the function ‘User-definederlfEval’ that executes
a given Perl code in the current environment ofdlsElata structures.

ChangingFile(0); ## $this represents the current node
do{
if $this->root ()->{ typeleq' par agr aph’) {
$prev = undef;

while ($this = $this->following()) {

if ( $this->{' typeleq' token_node'){
if (defined $prev
and $prev->{" tag}=~/" A ....... [COR-] %/
and $this->{' tag}=~/" N...... [2-]1[ CDR-19%/
and $this->{' ord}== S$prev->{" ord} + 3){
return;
}
$prev = $this;

}
}
}

}
while NextTree() || NextFile();

Figure 7: TrEd evaluation code in Perl, equal ®adhery of Figure 6.



10 OrAKAR SVIRZ ET AL.

The program in Figure 7 keeps iterating over treoTrees data
until the configuration of nodes discussed withufeg6 is encountered.
Then, the control returns to TrEd, which sets thesar to the newly
found occurrence of the hypothesized improper aatn@x.

The program in Figure 8 is designed for the aradytevel, where
the dependency information, rather than immedidjacancy, can be
exploited. The algorithm carefully finds the heafl tbe genitive
construction even if its tail actually consistsmtiltiple genitives in
(hierarchical) coordination or apposition (cf. Figu9, ex. E). Plus,
there are constraints on the morphological tage@hodes in question,
relaxed a little with respect to the tagset offtvener disambiguation.

ChangingFile(0); ## $this represents the current node
do {
while ($this = $this->following()) {

if ( $this->{" afun}eq' Atr'and
$this->{" tag}=-/" N...... [23-][ CDRX-]19/){

$head = $this;

$head = $head->parent()
while $head->{'parallel'} =~ /*(?:Co| Ap)$/;

$head = $head->parent();

return if  S$head->{' tag}=~/" A ....... [ CDRX-1 $/;
}

}

}
while NextTree() || NextFile();

Figure 8: TrEd evaluation code for finding improp@nexation on th
analytical level. Note how coordination/appositimodes between tt
two parts 6 the genitive construction are treated. Values@ A in
the tags reflect some systematic ambiguity preisetfite old data sets.

It might be clear by now that this powerful mecisam of
computing with trees can be abstracted from, arat the return
instruction can be replaced with, say, printing the current node’s
address and some significant attributes of its mwags, or with code
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for complex restructuring, or with simple countirg. fact, there are
two important modifications of TrEd, naméded andntred , with
which almost every automatic processing, includiegrching, is done
very quickly and conveniently.

4.3 Improper annexation

Having applied the criteria of Figure 7 and Fig8ren our treebank
data, we certainly did not obtain only improper exations! How can
we tell? And why have we not come up with the rigihtd of queries?
For the answer to the first question, we can refgiSchulz 2004)
or (Badawi et al. 2004). There are crucial sematisinctions to make
as to whether the adjectival head of the genitmastruction logically
gualifies the dependent noun, or whether thisimas reversed. Such
information is neither present in morphology, noanalytical syntax.

A.  bitaqatu safarin uhadiyatu al-ittigahi a one-way ticket
N-——-- FS1IR N----——- 21 A--——- FS1IR N--————- 2D

B. data masayira <aliyati al-gawdati (being) of high-quality
N-=—=———- 4R N------- 21 A----- FS2R N----- FS2D standards

C. bayna ad-duwali ad-daimatt  al-«udwiyati among the permanent
P N--==——- 2D A----- FS2C N----- FS2D member states

D. li-tatbigi al-qawanini  al-marayatt  al-ijra’ for application of the
P N-===——= 2D A----- FS2C N------- 2D implementable laws
N-——=—=- 2R

E. innahu kamilu at-tigati wa-al-magdirati  (indeed) he is of
F-——————— A————— 1R N-———- FS2D C-———————- complete confidence
S----3MS4- N-———- FS2D and competence

F. al-cumlatu gayru mustagirrati  al-gimati (these) currencies are
N--——- FP1D FN------ 1R A-——- FS2R N----- FS2D of unstable value

0. li-al-hukamati al-muntahiyati wilayatuha for the government whose term is ending

P.  fr al-manatigi al-hamsi as-sabigi dikruha in the five areas mentioned previously

Q. al-macanati al-baligata zinatuha 20 tunnan the aid whose weight reaches 20 tons

R.  bi-Seni al-intihabati ar-rirasiyati concerning the presidential elections that

al-mugqarrari *igra>uha fr rab 2004

are agreed to take place in spring 2004

Figure 9: Contrasting improper annexation (exampleB) with na“t
sabal (examples OR). Note the patterns of definiteness or agreel
in both of these phenomena (cf. e.g. Badawi €2G04:110-116).
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On the other hand, our queries do include someesluess. Ideally,
the values of the relevant morphological categosiesuld all be set.
Then, the definiteness values for the head of atigerconstruction
could only be R (reduced) or C (complex), as wargrdy in (Haji¢ et
al. 2004b), and there would emerge other regutariinat we could try
to capture, or patterns that we could try to exelud

In Figure 9, we give several examples of true imppraannexation
that we have found, and compare it with anothemph®non that
partly invades the set of search results due toniset case information
of the nominatives therein.

Needless to say, preferring the recall of a queryts precision
helps discover more inconsistencies or mistakesnotation. The way
we process the results in order to filter out fadesitives, like printing
additional information, sorting and unig-ing itcetis also important.
In our current situation, roughly one out of sigstiprovided by the
gueries happened to be correctly classified asapgrannexation.

Figure 10 summarizes the most interesting of tlassebserved in
PADT — in its development version growing in sizen& of the
phrases are rather idiomatic (cf. Wehr 1980), bludtvwve notice is the
actual freedom of expression and productivity ofs thinguistic
construct. In the list, the heads of the annexatame lexicographically
normalized, and the numbers in the rightmost colundicate the
counts of occurrences within the treebank.

5. Applications and Prospects

The applicability of treebanks is very diverse. Bmnotated structures
can be studied in the educational or purely linguisamework, as we
have just illustrated. The other prominent motiwatis to use the data
for machine-learning purposes, possibly aspiringnéehine translation
(cf. Cmejrek et al. 2004) or computational modeling ofmiag.

In the course of the PADT project, we have devetbgystems for
automatic morphological and analytical disambiguatia.k.a. tagging
and parsing (cf. Hajiet al. 2004b, Haji et al. 2005). This technology
is going to be employed in the processing of that#fa English Parallel
News Part 1 (Ma 2004). Alternative automated artrmtanethods also
come into question, like the parallel-corpus-basgatactic projection
(Hwa et al. 2005) or the conversion of constitueaoyotations into
dependencies (Zabokrtsky & Smrz 2003; cf. Habastaénbow 2004).



basaliyu
ba<idu

ba<idu

baligu

baligu

baligu

baligu

baligu

baligu
tammu
maghulu
Jayyidu
mahdudu
hurru
mahallzyu
muhtalifu
datiyu
datiyu

rafru
murtaficu
Sadidu
Sadidu
sasiu

tawilu
tawilu
tawilu
mutacaddidu
mutacaddidu
mutacaddidu
mutacaddidu
c«adimu

<aly

«amiqu
maftiahu
faciqu

qasiru
qasiru
munqaticu
mutaqallibu
mutaqallibu
qawiyu
qawiyu
kabiru
kabiru
katifu
Mmunamnama
mutanaht
mutanawwicy
mahidu
watiqu
watiqu
Wasiu
Wasiu
mutawadiou

as-sakli
al-mada
al-manali
al-hassasiyati
at-tahassusi
as-siddati
ad-dacalati
at-ta<qidi
al->ahammiyati
as-sun<
al-huwiyati
at-tanzimi
ad-dahli
at-tadaffuqi
as-sun<
al->ahgami
al-hukmi
ad-daf<i
al-mustawa
at-tamani
al-lahgati
al-watati
al->aradr
al->agali
al->amadi
al-mada
at-tahassusati
al-ginstyati
at-tabagati
al->atrafi
al->atari
al-mustawa
at-tafkiri
as-saqfi
al-qudrati
al->agali
an-nazari
an-nazir
al->ara’
al-mizagi
as-$akimati
al-muqawamati
at-tatire
as-sinni
as-sukkani
al-hagmsi
as-sigart
al->askali
al-ganahi
al-irtibati
as-silati
al-ittila<
an-nitaqi
ad-dawqi

onion-like, of onion shape
far-reaching, long-term
unattainable, intangible

very sensitive

very specialized

extremely strong, intense
negligible, insignificant
extremely complicated

very important, of great importance
ready-made, of completed production
unidentified, anonymous
well-organized

of limited income

unrestricted

manufactured locally

of different sizes

autonomous, self-governed
self-propelled

high-level, of high level

of increased price

of strong tone

of intense pressure, oppressive

of vast area

long-term, of long purpose
long-term, long-extent, of long duration
long-reach, long-distance
multidisciplinary, versatile
multi-national

multi-level, of multiple layers
multi-lateral

ineffective

of high level

thoughtful, of deep thought
open-roof

highly capable, of outstanding potential
short-term, of short purpose
short-sighted

incomparable, unparalleled
wishy-washy, of wavering opinion
moody

active, energetic, vigorous

of strong resistance, strongly opposing
of big influence

elderly, of elder age

of dense population

miniature, of miniature size
extremely tiny

of varied types, of various shapes
of broken wings

closely related

firmly linked

thoroughly informed
far-reaching, large-scale

of modest taste
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Figure 10: Selected occurrences of improper ani@xé&und on either level of the treebank.
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We would as well like to implement algorithms foetection of
inconsistencies and errors in the annotationdYickinson & Meurers
2003). The PADT website will offer any eventual afek. The current
distribution already includes scripts for safe andximally efficient
migration of annotations if some data need to blssonized and the
changes propagated across the levels of description

0. Conclusion

We have tried to give a practical introduction ke tPrague Arabic
Dependency Treebank project, with emphasis on PADRvailable to
researchers worldwide.

Having described the essential data structureélartreebank, we
chose to search for and explore a particular listgmiphenomenon. We
demonstrated the methodology for posing queries patlined how the
information in the treebank might be processedhéngeneral case.

We have presented and discussed the most notgwostiances of
improper annexation in Arabic that we found in treebank using this
methodology. This is a significant result by itsedind would be
extremely hard to achieve without the kind of amations the treebank
provides. We would like to invite others to try thewn queries.

Treebanking entails many challenging tasks, andcaminue to
approach them, as well as to improve the existotgt®ns.
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