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Abstract - Resume

The paper presents a dependency parser developed for.Folislprimary concern was com-
putational efficiency. The representation of syntactiactrre and the formulation of syntactic
description is close to that used in the surface-syntacicponent of the MTT. We describe
the way the syntactic description is specified and outligep#rsing process. The parser uses
syntactic dependency graph to represent an ambiguousctigraructure. The comparison to
the MTT and to related works on dependency parsing is include

Nous présentons un analyseur syntaxique développélpqolonais. La représentation de
la structure syntaxique et la formulation de la descripsgntaxique est proche de celle qui
est utilisée dans le module de syntaxe de surface de la T&Is Nécrivons la facon dont la
description syntaxique est formulée ainsi que le déroelgt de I'analyse. La comparaison
avec la TST et avec d’autres travaux sur I'analyse en graneside dépendances est incluse.

* This work was partially financed by Poznah University of fiealogy, Research Project No 45-083/03/DS.



TUVITIWJV A WV DTN

1 Introduction

The paper presents a dependency parser cddjpddependencgraphparser), developed as the
result of the author’s research on computationally efficreathod of dependency parsing well
suited for Polish. More precisely, our goal was to developising technique which could be
applied in efficient tools for raw text corpora processingeTime efficiency was our primary
concern and we did not aim at achieving the largest possivierage of syntactic constructions.
In the first step, which, in our opinion, was accomplisheccsasfully, we excluded from the
language subset under consideration the discontinuowstractions and ellipsis.

The way the syntactic structure is represented and the veagythtactic description is formu-
lated were inspired mainly by: the surface-syntactic conemb of the MTT (Mel'Cuk, 1988;
Mel'Cuk & Pertsov, 1988), in what concerns dependencyiesen of natural language syntax,
and the Saloni an8widzinski 'sSyntax of contemporary PoligBaloni & Swidzinski, 1998) in
what concerns the Polish syntax.

2 Syntactic structure representation

The syntactic structure is represented as a dependenayitrearcs labelled with dependency
types. Additionally, so called syntactic flags may be asmigto nodes. A syntactic flag cor-
responds to a purely syntactic attribute in Saloni &wddzinski’s terminology and reflects a
property attributed to a word due to the syntactic conteapjpears in. Flags are assigned to
nodes during syntactic analysis. For example Rl flag is used to indicate the property of
being a head of a phrase containing a relative pronoun. Aweéltbthe REL flag has different
connectivity than a verb without it. In Figure 1 an examplelependency tree is shown.

Vpres,sg,a

\‘:TfH

ng,nom,fem Npl,acc,masc

relm od

fut,sg,3

subj
/ w

)
N PR O rel.,sg.nem.fem P rep
ng,acc,masc
Pani ktdra przyfedzia w poriedziatek pisze wigrsze
lady who will come on monday writes poems

Figure 1: Dependency tree

3 Syntactic description

The syntactic description of a language includes the fallgncomponents (all of them are
parser’s input data):

e declarations of parts of speech
e declarations of morpho-syntactic attributes and thenesl
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declarations of syntactic flags
definitions of distribution classes
definitions of agreement types
definitions of dependency types
dependency rules

flag propagation rules

long distance agreement rules

We will shortly comment on each of the above points. Syntadlti relevant properties of
a word are expressed by assigning to it a syntactic categbgypart of speech and values
for relevant morpho-syntactic attributes (eg. numberdgenaspect, conjunction type, etc.).
Attribute values are atomic symbols or finite sets there®hrBplesNqg non fem, Vp1,3 neut -

By a grammatical class we call a set of words which shareicestantactically relevant prop-
erties. Classes defined by imposing restrictions on thegéapeech and attribute values are
called morpho-syntactic classes. For examptienotes the class of all noung,. — the class
of all words in accusative (the asterisk stands for 'any phspeech’).

We also introduce the notions of passive and active digtdbiclass (closely related to the
notions of passive and active valency). The passive (daig&ibution class is a class of words
exhibiting common properties relative to their connetyivds dependents (heads). The words
belonging to a given passive distribution class have, in NBfins, the same passive valency (at
least in certain syntactic contexts). For example, we céine¢he distribution class of words
passively equivalent to nounss = NUNPRO, where the superscript 'minus’ indicates passive
(plus’ is used for active)§PRO stands for nominal pronoun. The reason for the introduction
distribution classes was to enable generalizations iresyictdescriptions.

An agreement type is — in our technical sense — a binary oelatinong syntactic categories de-
fined usually (but not necessarily) in terms of equality afiahility of certain attribute values.
Agreement types are used for implementing the phenomengreément and congruence (in
the sense of (Mel’'Cuk, to appear)). We also use specificcageat types to handle coordination
by specifying, which classes of words may be conjoined. Tredgfined agreement types are
those relying on unifiability of single attribute values.

Dependency type definitions introduce dependency type same assign them the following
properties:

1. dependency status: facultative, single (non-repeatabbbligatory (for words belonging
to certain categories);

2. relative position of the dependent with respect to thel hksdt, right or free-order;

3. relative position of the dependent with respect to otlegretidents and the head: initial,
head-adjacent, final;

4. agreement types required between the head and the depende

5. systemic or lexical government: systemic governmenpecsied by determining the
grammatical class to which the dependent must belong;deg@vernment is specified
by determining, which connotational requirement the gidependency type is related to
(see below);

For example the following dependency type definition:

TYPE subj = SGL, FREE, AGR(Gender,Number), GOV(  *uom)-
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defines the typsubj as having the following properties: single, free-ordemeagment with
respect to gender and number, systemic government of thenative case.

Dependency rules determine, for each dependency typehwhics of words may be connected
by a dependency of this type. Dependency rule applicationbeaonditioned by the presence
or absence of a certain flag. For example, the rule

RULE relmod: N — V¢ //REL.

reads that a dependency of tylgé may by used to connect a noun with a finite verb possessing
the REL flag. Constraints of the same kind as those appearing in depey type definitions
may also be specified in dependency rules (cf. rule (5) below)

Flag propagation rules describe the principles of flag assent. We distinguish flag initiali-
sation rules and flag transmission rules. The followinggtee backslash is the set difference
operator):

INIT REL NPROpe1 .
UP RELx% : % — x\Vgip.

can be read as, respectively: 'assign the fdf)_to each relative pronoun’ and 'transmit the
flag RELupwards, i.e. from the dependent to the head, through a depewn of any type, if the
dependent is not a finite verb’ (i.e. 'transmit the fREL upwards to the nearest finite verb’).

Long distance agreement rules are used to impose requitemieggreement of a specific type
on nodes which are not directly connected by a dependeney dite formulated by specifying
the type of agreement, the grammatical class of the sourde, tloe description of the path to
the destination node, and the grammatical class of therndgistin node. For example the rule

AGR(Number,Gender) : NPRO.; <relmod N

expresses the requirement of agreement with respect toeruamni gender between a relative
pronoun and the noun to which the relative clause contaithirggpronoun is attached. The
expressiongrelmod describes any path leading upwards (to a transitive heatipgmvith a
dependency of typeelmod and not containing other dependencies of tygdenod . A rule

AGR(COORD) : x >coord CONJ >conj x

can be used to handle coordination, provided that the agneelypeCOORIetermines pairs of
grammatical categories which may be conjoined. The patbssribed as directed downwards
consisting of a dependency of typeord , a conjunction, and a dependency of tyjosj .

The following grammar sample contains definitions and rwagh allow to analyse the ex-
pressiorpani, kbra przyjedzie, piszm the way shown in Figure 1.

(1) CLASS N~ = NUNPRO.
(2) TYPE subj = FREE, SGL, AGR(Nunmer,Gender), GOV( *nom)-
(3) TYPE relmod = RIGHT, SGL.

(4) RULE subj: Viin — N7\ NPROLe;.

(5) RULE subj+INIT: Vein —  NPROer.

(6) RULE relmod: N — Vi,//REL

(7) AGR(Number,Gender): NPRO,.; <<relmod N.
(8) INIT REL  NPRO;.

(99 UP REL % : % — )\ Vg



tvi v 1 UUIIIPMLIUIb UUIIIPULMtIUIIMII] wiluwiwililvVie JUuliilvie \J}JII“APMI I d

Most of the statements were already explained. In the lineh@&elmod type is defined: the
dependent must follow the head, the dependency is honiadgealine (4) contains the main
rule forsubj type, used to connepiszewith pani. This rule does not cover subjects which are
relative pronouns. Subjects of this type are handled by(B)|entroducing additional constraint
(INIT ) which requires the initial position of the relative proman the verb’s phrase.

The dictionary used by the parser is a dictionary of wordr®r It provides the following
information about a word-form: the lexeme identifier, thargmatical category, the description
of connotational properties (optional).

Connotational properties may include information on thengmatical classes required for the
head and up to three dependents. Dependency types suppdsgdthe word with the con-
notated words are not specified here. The example below sti@ngteraction between the
dictionary and the grammar in this respect.

dal’;da Cv Vpast,sg,3,masc(N;cc)(N(;at)

TYPE cmpll = FREE, CON#1. RULE cmpll: V — *
TYPE cmpl2 = FREE, CON#2. RULE cmpl2: V — *

The dictionary entry specifies two connotational requiretee€oncerning dependents (the ex-
pressions in brackets specify the grammatical classesiisy belong to). The first specifies a
class of words passively equivalent to nouns in accusatikie.second — a similar class, but in
dative. The definition of dependency typ@mpll reads thatitis used to connect a word with its
first connotational requiremenCON#). Finally, the dependency rule fampll reads only
that a dependency of this type connects a verb with its degpgndothing is said here about the
dependent’s category.

4 Comparisonto MTT

What we called above a syntactic description correspontietsurfice-syntactic component of
the MTT. Dependency rules correspond to syntagms, withiffereihce that all the constraints
common to all syntagms for a given dependency type are faetband attached directly to

the type in its definition. Only rule-specific constraintg gdaced in dependency rules (cf.
rule (5) in Section 3). Constraints refer either to the infation from the morphological level

(word order, morphological dependencies: governmengegent, congruence), included in
morphological structures within MTT, or express the sytitastructure well-formedness con-
ditions (eg. non-repeatability, obligatoriness).

Contrary to syntagms, we do not allow dependency rules &r tefnodes other than the two
directly connected by the dependency being describedg@tbliiness conditions and flag prop-
agation mechanism are used instead. For example, makirdetfendency connecting a con-
junction with the second conjunt obligatory for the conjimic garanties that the conjunction
is always connected with both conjuncts: with the left oneeduse the conjunction must have
a head, and with the right one — because this dependencyigatdsly. Instead of requiring
from the verbal head of a relative clause to have a relativequn as a transitive dependent (cf.
the syntagm for the relative clause in (Mel'Cuk & Pertsd®88, s. 395)), it is checked for the
presence of thREL flag, which is transmitted from the pronoun up to the verb.
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5 Parser overview

5.1 Parsing steps

The ambiguous morphological analysis output is representéhe form of a directed acyclic
graph, called lexical graph. The nodes of this graph reptesmtactic categories correspond-
ing to possible interpretations of word-forms of the inpentence. Arcs represent the direct
successor relation. As an example, let us consider theAmitpsentence:

Kobiety przyniosty tzie mleko w butelce
women brought goat (N) milk in bottle
goat (ADJ)

The word-formkoziemay be interpreted as the adjective 'goat’, modifying thammlekq or

as the noun 'goat’ in dative, the complementpi@yniosty The whole sentence can be read
as 'Women brought goat milk in a bottle’ or 'Women brought knith a bottle for the goat’
with an additional ambiguous attachment of the preposaliphrasev butelce Figure 2 shows
the lexical graph for the sentence (not all word-form intetations are included). The parsing

ADJsg,acc,neut —
A N

Npl,nom,fem . // b L7 ng,acc,neut .
\_\\ /’ ‘,“\l :ﬂ ~ -
PN,
Vpast.pl,S,fem """ > ADJsg,nom,neut N P -z > ng,loc,fem
37 . \_7{1 . 5
7 N ST ™ "
Npl,acc,fem’ ﬁng,nom,neut’
Y P 4
ng,dat,fem -
kobiety przyiosty kozie mieko w butelce
women brought goat (ADI) milk in bottle
goat (N)

Figure 2: Lexical graph

process proceeds in two phases: the dependency graphumiostrand the dependency tree
generation. The dependency graph is an ambiguous repaésentf the syntactic structure.
The set of nodes of the dependency graph is basically (sese8litn 5.2) the same as the set
of nodes of the lexical graph. The arcs represent possilerdiencies between words. The
most important properties of the dependency graph are:

P1 The graph is projective As a consequence, if an arc from to w; in present in the
graph, the graph has a sub-graph which is a projective depegdree built on all nodes
of some lexical path between andw;.

P2 All dependency trees that can be constructed for a senteking into account all pos-
sible interpretations of word-forms, are sub-graphs ofgitagph.

In Figure 3 the dependency graph for the example sentenbevas (The numbers below arcs
do not belong to the graph.)

The second step is the generation of dependency trees. umeFsgthe numbers 1,2,3, and 4
indicate the dependencies belonging to the four dependesey which can be generated from
the graph.

1The projectivity property is defined in the same way as foredejency trees.
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1234

ADJsg,acc,neut mod
Npl,nom,kmw % ng,acc,neut )
ot RN
cmlﬁvpagWJsg,nom,nwt %“ %M—/_’) P ng,lnc,fem

Npl,acc,fem ng,nom,neut
Nsgdatfem
kobiety provaiosty kozie mieko W butelce
women brought goat (ADJ) milk in bottle
goat (N)

Figure 3: Dependency graph

5.2 Flag propagation and long distance agreement handling

When adding a dependency arc to the graph results in asgigtiiag to one of the nodes (as the
result of application of a flag propagation rule), we canmoidy set the flag at this node. This
is because each node can be shared between many differéanttgymterpretations. Consider
the following example:

pani, ktbra przyjedzie

lady who will come
The pronourktora may be interpreted as a relative or interrogative pronoure donnectivity
(passive valency) of the verb connected to a relative prorama to an interrogative one differ
from one another and also from the connectivity of the verbaomnected to any of them.
Therefore, each time a flag is to be assigned to a node, we maagedts duplicate and assign
the flag to this duplicate, leaving the original node uncleaifgn our example we obtain three
verb nodes: the first, connected to the relative pronout, thieREL flag assigned, the second,
connected to the interrogative pronoun, with tN& flag assigned, and the third, the original
node, not connected to any pronoun with no flag assigned (gaesH).

relmod

subj

[
fut,sg3
subj ]
7 NPRQ rel,sg,nom.fem NPRQ rel,sg,nom.fem fut,sg,3
; s

7 5
i h |
ng,num,fem . 2 Vfut,sg,3 ng,num,fem Vful,sg,3
\‘-& ;7
NPRO NPRQ

/
int,gg,nom.fem int,sg,nomfem

pant ktora przyredzie pani Fdra preyredzie
lady who will come lady who will come

Figure 4: Node duplication

For handling long distance agreement a similar mechanisméad. The information package
passed from node to node includes the following informatithie description of the path re-
maining to traverse, the grammatical class of the destinatode, the agreement type, and the

2This is in some way the reverse of the structure sharing tgqakrused for compacting the representation of
tree forests. Instead of considering which elements of twoare alternative structures can be shared we consider
which elements have to be separated. The first techniqueéesqerforming a search, the second does not.
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agreement value of the source node. When the last dependenspecified in the path de-
scription is about to be established, the agreement condgichecked. If the check fails, the
arc is not added to the graph.

5.3 Algorithm

In this section the core of the graph construction algorithiwutlined. The graph is computed
incrementally from left to right. For each nodg the following three sets are computed: the
set of transitive left dependentsof, the set of transitive left heads of;, and the set of nodes
visible tow; on its leff. The algorithm tries to connect the current nadewith all preceding
nodesw;, considered in descending order. An arcs can only be addedsfvisible tow;. The

set of nodes visible ta; on the left is initialized with transitive left heads of lefeighbours

of w;. After having established a leftward dependency conngetinto w;, the transitive left
dependents af; become transitive left dependentsiofand the nodes visible to; on the left
become visible on the left to;. After having established a rightward dependency, the fset o
transitive left heads is updated in the same way.

The theoretical complexity of the algorithm @¥(n?), wheren is the number of nodes in the
graph, which is proportional to the length of the input sané assuming that the number of
alternative interpretations of one word-form is boundedthle implementation the complexity
is reducefi to O(n?). The mechanisms involving node duplication does not chang&om-
plexity with respect to the length of the sentence, underdhtiction that flags and agreement
information may be propagated only from left to right. Therer of possible different dupli-
cates does not depend on the number of nodes. This regitratigs not decrease the language
subset considerably from the practical point of view. Sgtitaconstructions whose analysis
requires flags to be propagated in the backward directionedaively infrequent (eg. relative
clauses with the relative pronoun deeply embeded into tetsre, of the type 'the law for
the rejection of which you voted’).

After having constructed the graph, we have, apart from thelgitself, the information on
each node’s all (possible) transitive left heads and degreisgdas well as nodes visible on the
left. Using this information, all trees can be generatedriretO (dm?) (O(dm) in the imple-
mentation), wherd — number of treesy,. — number of nodes in a tree. Detailed description of
the algorithm, and the way the constraints are handled, radgund in (Obrebski, 2003) and
(Obrebski, 2002).

3The nodew; is a transitive left dependent (head)wf, if w; is a transitive dependent (head)«wof and all
intervening dependencies are directed leftwards (rigfds)a The nodew; is visible tow; (on the left), ifw;
is a transitive left head of a left neighbour of a transitieét Hependent ofv; ('neighbour’ refers to the linear
order). The visibility relation expresses the structukaidition for two nodes to be connectable, preserving the
projecticity property.

4In order to add eg. the set of transitive left heads of one notlee set of transitive left heads of another node
the union of two ordered sets has to be computed. This opatadis linear complexity in theory. In the calculation
of the implementational complexity, however, it is cons@tbas a constant-time operation, as it is realized as the
sum of bit vectors of constant size.

SCases where the relative pronoun in preceded by a prepasitiich are frequent, are handled using a simple
'hacking’ technique.
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5.4 Comparison to related works

The syntactic description is formulated in a constrairgdsbmanner and falls into the category
of constraint-based dependency grammars (eg. (Maruya®®),1(Duchier, 1999)), as op-
posed to Hays-style formulations of dependency grammaygHE964; Lombardo & Lesmo,
1998). Many similarities can be seen with Duchier's way afrgmar specification. The pars-
ing procedure, however, has more in common with all-pathsléa (item-based) algorithms,
particularly with the Eisner’s one, using the concept ofisp(Eisner, 1996). The information
computed in our algorithm roughly corresponds to storihg@dsible 'leftward—', 'rightward—’,
and 'no-covering-link span%in Eisner’s terminology. The difference is that while adylig.

a leftward dependency a 'no-covering-link span’ is comtingth all adjacent 'leftward spans’
at the same timeand is combined with all adjacent 'no-covering-link spaatghe same time
by a set union operation. The theoretical complexity of l@gorithms isO(n?), but the reduc-
tion to O(n?) in the implementation is not possible in Eisner’s algorithm

The use of dependency graph to represent ambiguous depgnstemcture has already been
proposed by Barbero and Lombardo (Barbero & Lombardo, 198% main difference is that
the dependency graph which we use does not contain explicithation about the parse trées
We do not know which arcs can eventualy appear together itréles. In order to be able to
construct the trees efficiently we need additional infororafor ech node: about its transitive
left heads and dependents and nodes visible on the left.

6 Testresults

The parser has been tested on the set of 170 sentences frtesttlset for syntactic analysers of
Polish® These were all correct sentences belonging to categoas&’and 'complicated’ (the
sentences from the category 'peripheral’ were omittedh déntences were parsed corregtly.
The sentences which were not parsed contained ellipstmisuous expressions or complex
subjects of the typdan i Maria (John and Mary). In the letter case agreement takes place
between the verb and the coordinated structure as a whoieh\whas the plural number, while
the head of the structure is in singular.

The time of dependency graph construction (measured on PGHz) is around 2ms for a
sentence of length 10 (word-forms), 5ms for the sentencengjth 20, and 10ms for a sentence
of length 40. The time of generation of one tree is about 0,1ms

6leftward and rightward spans are projective subtrees ichyhiespectively, only the righmost or the leftmost
node has no head. They correspond to subtrees between antbiie @mansitive left dependent and transitive left
head, respectively. A 'no-covering-link span’ is a projgessubgraph in which only the leftmost and the righmost
node have no head. It corresponds to a subgraph between tles mizible one to another.

"After constructing the graph we do not even know if there texigiy tree in the graph. This can be easily
computed, hovewer, by checking if there exists a node wtdch fransitive left head of a final node (with no
successor in the lexical graph) and such that an initial i®ds transitive left dependent.

8The test-set was constructed in the Institute of Comput@mn8e of the Polish Academy of Sciences and is
available from: http://www.ipipan.waw.pl/ agn/sentesitém.

9Parsed correctly’ means that none of the output parsesidmitonsidered as incorrect, taking into account
the limited morpho-syntactic information about words,illae to the parser.
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7 Applications

Considering the restricted syntactic coverage,dggp parser may be interesting for the appli-
cation fields where efficiency considerations are crucidlenihcomplete syntactic analysis is
acceptable. In particular, we mean here the area of largmmprocessing, including location
of phrases of a specific type, syntactic concordancing, anistic and lexical information re-
trieval. It is worth to note that in all these applications tomputations can be carried directly
on the graph, without the necessity of generating trees.

The application of the parser we are particularly intersteis syntactic pattern location in
raw text corpora, especially in the context of semi-autacrsintactic dictionary data retrieval.
Such atool is currently developed.
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