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Abstract

Polarizeddependency(PD-) grammars
are proposedas a meansof efficient
treatment of discontinuousconstruc-
tions.PD-grammarsdescribetwo kinds
of dependencies: local, explicitly de-
rived by the rules,and long, implicitly
specifiedby negative and positive va-
lenciesof words. If in a PD-grammar
the numberof non-saturatedvalencies
in derived structuresis boundedby a
constant,then it is weakly equivalent
to a cf-grammar and has a

���������
-

time parsingalgorithm. It happensthat
suchboundedPD-grammarsarestrong
enoughto expresssuchphenomenaas
unboundedraising, extraction and ex-
traposition.

1 Intr oduction

Syntactictheoriesbasedon theconceptof depen-
dencyhave a long tradition. Tesnìere (Tesnìere,
1959)wasthefirst who systematicallydescribed
thesentencestructurein termsof binaryrelations
betweenwords(dependencies), which form a de-
pendencytree (D-tree for short). D-tree itself
doesnot presumea linearorderon words. How-
ever, any its surfacerealizationprojectssomelin-
earorderrelation(calledalsoprecedence). Some
propertiesof surfacesyntacticstructurecanbeex-
pressedonly in termsof both dependency (or its
transitive closurecalled dominance) and prece-
dence. One of suchproperties,projectivity, re-
quiresthat any word occurringbetweena word

	 anda word 
 dependenton 	 bedominatedby	�� In first dependency grammars(Gaifman,1961)
and in somemore recentproposals:link gram-
mars (Sleator and Temperly, 1993), projective
dependency grammars(Lombardo and Lesmo,
1996)theprojectivity is implied by definition. In
someothertheories,e.g. in wordgrammar(Hud-
son,1984),it is usedasoneof theaxiomsdefin-
ing acceptablesurface structures. In presence
of this property, D-treesare in a senseequiva-
lent to phrasestructureswith headselection1.
It is for this reasonthat D-treesdeterminedby
grammarsof Robinson(Robinson,1970), cate-
gorial grammars(Bar-Hillel et al., 1960),classi-
cal Lambekcalculus(Lambek,1958),andsome
other formalismsareprojective. Projectivity af-
fectsthe complexity of parsing: asa rule, it al-
lows dynamicprogrammingtechnicswhich lead
to polynomial time algorithms(cf.

�
��� � �
-time

algorithmfor link grammarsin (SleatorandTem-
perly, 1993)). Meanwhile,the projectivity is not
the norm in naturallanguages.For example,in
most Europeanlanguagesthere are such regu-
lar non-projective constructionsas WH- or rel-
ative clauseextraction, topicalization,compara-
tive constructions,and someconstructionsspe-
cific to a language,e.g. Frenchpronominalcli-
tics or left dislocation. In termsof phrasestruc-
ture, non-projectivity correspondsto discontinu-
ity. In this form it is in the center of dis-
cussionstill 70-ies. There are various depen-
dency basedapproachesto this problem. In
theframework of Meaning-Text Theory(Mel’ čuk
andPertsov, 1987),dependenciesbetween(some-

1See(Dikovsky andModina,2000)for moredetails.



times non adjacent)words are determinedin
terms of their local neighborhood,which leads
to non-tractableparsing(the NP-hardnessargu-
ment of (Neuhausand Bröker, 1997) appliesto
them).Morerecentversionsof dependency gram-
mars (seee.g.(Kahaneet al., 1998; Lombardo
andLesmo,1998;Bröker, 1998))imposeonnon-
projective D-treessomeconstraintsweaker than
projectivity (cf. meta-projectivity (Nasr, 1995)or
pseudo-projectivity (Kahaneet al., 1998)),suffi-
cient for existenceof a polynomial time parsing
algorithm. Still anotherapproachis developed
in thecontext of intuitionisticresource-dependent
logics,whereD-treesareconstructedfromderiva-
tions (cf. e.g. a methodin (Lecomte,1992) for
Lambekcalculus).In this context, non-projective
D-treesaredeterminedwith theuseof hypotheti-
cal reasoningandof structuralrulessuchascom-
mutativity and associativity (seee.g. (Moortgat,
1990)).

In this paper, we put forward a novel ap-
proachto handlingdiscontinuityin termsof de-
pendency structures. We proposea notion of a
polarizeddependency(PD-) grammarcombining
several ideasfrom cf-treegrammars,dependency
grammarsand resource-dependentlogics. As
most dependency grammars,the PD-grammars
are analyzing. They reducecontinuousgroups
to their typesusinglocal (context-free) reduction
rules and simultaneouslyassignpartial depen-
dency structuresto reducedgroups.Thevalencies
(positive for governorsandnegative for subordi-
nates)areusedtospecifydiscontinuous(long) de-
pendencieslacking in partial dependency struc-
tures. The mechanismof establishinglong de-
pendenciesis orthogonalto reductionandis im-
plementedby a universalandsimple rule of va-
lenciessaturation. A simplified versionof PD-
grammarsadaptedfor the theoreticalanalysisis
introducedandexploredin (Dikovsky, 2001). In
this paper, we describea notion of PD-grammar
moreadaptedfor practicaltasks.

2 Dependencystructures

Wefix finite alphabets� of terminals(words), �
of nonterminals(syntactictypesor classes),and�

of dependencynames.

Definition 1. Let ��� � ���
� ���
bea string. A

set ������
���� � � � �!
#"%$ of trees(calledcomponents

of � ) which cover exactly �&� haveno nodesin
common,and whosearcs are labeledby names
in

�
is a dependency (D-) structureon � if one

component
(' of � is selectedas its head2. We
usethe notation �)�+* � � � � � is a terminalD-
structureif � is a string of terminals.When� has
only onecomponent,it is a dependency (D-) tree
on � �

For example, the D-structure in Fig. 1 has
two components., �.-0/ � �

is the root of the non
projective headcomponent,theothercomponent132546�7�.8�/%-(�&�

is aunit tree.
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Fig. 1.

In distinction to (Dikovsky, 2001), the non-
terminals(and even dependency names)can be
structured. We follow (Mel’ čuk and Pertsov,
1987)anddistinguishsyntacticala �cb5�

andmor-
phologicalaedgfih featuresof anonterminala �
Thealphabetsbeingfinite, thefeaturesunification
is ameansof compactingagrammar.

TheD-structureswe will usewill bepolarized
in thesensethatsomewordswill have valencies
specifying long dependencieswhich must enter
or go from them. A valencyis an expressionof
oneof the forms j3kml 2

, jonpl 2
(a positiveva-

lency), or qrk�l 2
, qrnpl 2

(a negative valency),2
beinga dependency name. For example,the

intuitive senseof a positive valency jonpl 2
of

a node
�

is that a long dependency
2

might go
from

�
somewhereon theright. All nonterminals

will besigned:wepresumethat � is decomposed
into two classes: of positive( �ts �vu

) andnegative
( � sxw u

) nonterminalsrespectively. D-structures
with valencies,DV-structures, aredefinedsothat
valenciessaturationwould imply connectivity.

Definition 2. A terminal
�

is polarizedif a finite
list of pairwise different valencies3 , ���&�

(its
valency list) is assignedto it.

�
is positive, if, ���&�

does not contain negative valencies, A
D-treewith polarizednodesis positive if its root

2WevisualizeyPz underliningit or its root,whenthereare
someothercomponents.

3In theoriginaldefinitionof (Dikovsky, 2001),valencies
mayrepeatin

L B >0FR{
but thisseemsto beanaturalconstraint.



is positive, otherwiseit is negative.
A D-structure � on a string � of polarized

symbolsis a DV-structureon �&� if the following
conditionsare satisfied:

(v1) if a terminalnode
�

of � is negative, then, ���&�
containsexactlyonenegativevalency,

(v2) if a dependencyof � entersa node
� � then�

is positive,
(v3) the non-headcomponentsof � (if any)

areall negative.
Thepolarity of aDV-structureis thatof its head.
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B @ :TE�D�FR��#�R� � B�� y Z={ }&� F 9;:=<?>Wy E��.E�: ^ W
D5:TEcD \|X<o�79K����� L ��� L ��� � ���K� � �;� � ������ � 9;:|� � B @ :=EcD#F � � ` � \ YcZ � O|D \ >

���x  � } E ^ N � :=E!` ��_¡(¢£� D5:TEcD \|X � \ Y.ZP�WW X O5Y.Z y�¤ : � ¤ >0¥ � \ YcZ9;:T<¦>CB§D�E�:|F�9;: L B ^?\ y F�9;: L B©¨ \Tª � O|D \ >0F���x« � Wy�¤ : � ¤ >0¥ � \ Y.ZW X O5Y.Zy EcD�E�> y E�> []� � � E \ : ������ � W[]\_^ D \|X<¦> 9;:=<?>W[]\_^ D \=X� �c� �
@V¬ � �|�&� L �­� L �7� � ���K� � �;� � �
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In Fig.2 4, bothwordsin ���¯® havenovalencies,
all nonterminalsin ����� and �v� � arepositive (we
labelonly negative nonterminals),���¯° is positive
becauseits headcomponentis a positive unit D-
tree, ��®=� and �±®�® arenegative becausetheir roots
arenegative.

Valenciesaresaturatedby longdependencies.

Definition 3. Let � be a terminal DV-structure.
A triplet ²³�´d � ��� � ®�� 2 h6� where

� ��� � ® are
nodesof � and

2 � � � is a long dependency
4For the reasons of space, in our examples we

are not accurate with morphological features. E.g.,
in the place of GrV(gov:upon) we should rather have
GrV(gov:upon)

G
inf

J
.

with the name
2 � directedfrom

� � to
� ® (nota-

tion:
� � µq�q¶h � ® ), if there are valencies· � �, ��� � � ��·5®6��, ��� ® �

such that :
(v4) either

� � d � ® (
� � precedes

� ® ), · � �jonpl 2
, and ·�®r�iq?k�l 2

, or
(v5)

� ®¦d � ����·��¸�³jok�l 2
, and ·�®r�¹q?nel 2

.
We will say that ·�� saturates·�® by long depen-
dency² .

Thesetof valenciesin � is totally ordered by
theorder of nodesandtheorders in their valency
lists: ·��£dº·5® if

(o1) either ·����+,�» ��� � � ��·5®¹�+,�» ��� ® �
and� �¼d � ®U�

(o2)or ·��P��·�®o��,C» ���&�
and ·��¼d�·�®5� in ,C» ���&� �

Let ��� be the structure resulting from � by
adding the long dependency ² and replacing,C» ��� � � by ,�» � ��� � � �e,C» ��� � ��½ �P·0��$ and ,C» ��� ® �
by ,C» � ��� ® � �¾,C» ��� ® ��½ �P·�®U$ � Wewill saythat �v�
is a saturationof � by ² anddenoteit by �À¿º�v� �
Amongall possiblesaturationsof � wewill select
thefollowingparticular one:

Let ·��º�Á,�» ��� � � be the first non saturated
positive valency in �K� and ·�®Á� ,C» ��� ® �

be
the closestcorresponding5 non saturated neg-
ative valencyin � � Then the long dependency²��ÃÂ � � µqºq¶h � ®=Ä saturating ·�® by ·�� is first

available(FA) in � � Theresultingsaturation of �
by ² is first availableor FA-saturation(notation:�
¿rÅvÆÇ�v� ).

Wetransformtherelations ¿È��¿ ÅvÆ into partial
orders closingthemby transitivity.

N N Y Y y [ [� � W WW WW :

N N Y Y y [ [� � W WW WW W ::

N N Y Y y [ [��É W WW W

Fig. 3.

Supposethat in Fig. 3, both occurrencesof
-

in �±Ê and the first occurrenceof
-

in ��� have, �.-Ë� �Ì�#qrn�l 2 $#� and both occurrencesof Í
in � Ê andthe secondoccurrenceof Í in � � have, � Í � �e�Ujokºl 2 $ � Then ��Êo¿ ÅvÆ �v�I¿ ÅvÆ ��® �

5Correspondingmeans:
(c1)

> � GÎ> � and ª|��Ï ���Ç� :
if ªP�%Ï ¡K¢Î� :_{

and
(c2)

> � GÎ> � and ª � Ï ��¢Î� :
if ª � Ï ¡K�Ç� :_Ð



In (Dikovsky, 2001),weprove thatÑ If � is a terminal DV-structure and �Ò¿Ó�v���
theneither ��� hasa cycle, or it is a DV-structure
(Lemma1).

As it follows from Definition 3, eachsatura-
tion of a terminalDV-structure� hasthesameset
of nodesanda strictly narrower setof valencies.
Therefore,any terminal DV-structurehasmaxi-
malsaturationswith respectto theorderrelations¿6�K¿ ÅvÆ � Veryimportantly, thereis a singlemax-
imal FA-saturation of � denoted ÔpÕ � � � � � E.g.,
in Fig. 3, ÔÖÕ � � ��Ê � �)�±® is aD-tree.

In orderto keeptrackof thosevalencieswhich
arenot yet saturatedwe usethefollowing notion
of integral valency.

Definition 4. Let � be a terminal DV-structure.
The integral valency ×ÅvÆ � of � is the listØ"¼Ù©"IÚ s » u ,�ÛÝÜ � s » u ���&�

orderedby theorder of va-

lenciesin � � If ÔÖÕ � � � �
is a d-tree, wesaythat

thisD-treesaturates� andcall � saturable.

By thisdefinition, ×ÅvÆ ÔÖÕ � � � � � ×ÅvÆ � �
Saturability is easily expressedin terms of

integral valency (Lemma2 in (Dikovsky, 2001)):
Let � bea terminalDV-structure. Then:Ñ ÔÖÕ � � � �

is a D-tree iff it is cycle-free and×ÅvÆ �Þ�iß��Ñ � hasat mostonesaturating D-tree.

Thesemanticsof PD-grammarswill bedefined
in termsof compositionof DV-structureswhich
generalizesstringssubstitution.

Definition 5. Let � � � ��
 � � � � � �!
(à�$ be a DV-
structure, á be a nonterminalnodeof oneof its
components,and ��®��â��
#ã � � � � � �!
(ã' � � � � �!
(ãäc$ be a
DV-structure of thesamepolarity as á and with
the head component
#ã' � Then the result of the
compositionof � ® into � � in á is theDV-structure�v��å á ½ ��®=æ�� in which �±® is substitutedfor áç� the
root of 
(ã' inherits all dependenciesof á in �v���
and the headcomponentis that of �v� (changed
respectivelyif touchedon bycomposition)6.

It is easyto seethat DV-structure� in Fig. 4
canbederivedby thefollowing seriesof compo-

6This compositiongeneralizesthe substitutionusedin
TAGs(Joshiet al., 1975)(

�
needsnot bea leaf) andis not

like theadjunction.

sitionsof theDV-structuresin Fig. 2:���¯®r�)�v����å � �&½ 
0è�éêè � 
0è ��ë=ì � 132 � �&½�í�î èPï 25ì æ���±®�®r�)��®=��å �.432 è�é � w ½�/ é±ï � � � á¦
Rð���* î±��½ * îC-0í �1o2 � �&½ ���¯®Tæ��� ��ñ �)� � � å 1o2 � �7� é%è 2(��½ *oè�� 1o2 , � f¶ï5
 ��½ f -0ì �1o2 , � 	 ïU·�l / é%ï �&��½�2 è�² ì æ���ò�)���¯°#å 1o2 � î��.432 è�é � w ½ �±®�®5��3²�óUï�Í]ð�q / é%ï �&½ ����ñ|æ��
and 
´�iÔpÕ � � � � �

O|D \ >�}&� N�� y EcD�E�> y E!> [R� � � E \ : � } E ^ N � :TE!` �WWWW WW

O|D \ > }&� N�� y EcD�E�> y E!> [R� � � E \ : � } E ^ N � :TE!` �WWWW W�|� ª � �_¡ ª �
D5:TE�D \|X � \ YcZDV-structure� (

B ¡ � � F ªôÏ B ¡#¢ � �V� F � D5:TEcD \|X � \ Y.Z )

D-tree y Ï¶õ � � B � F
Fig. 4.

The DV-structurescomposition has natural
properties:Ñ The result of a composition into a DV-
structure � is a DV-structure of thesamepolarity
as � (Lemma3 in (Dikovsky, 2001)).Ñ If ×ÅvÆ � � � ×ÅvÆ � ® � then ×ÅvÆ � Ê å á ½ ÔÖÕ � � � � � æ
� ×ÅvÆ �±Ê�å á ½ ÔÖÕ � � ��® � æ for any terminal �v�P�!��®
(Lemma4 in (Dikovsky, 2001)).

3 Polarized dependencygrammars

Polarizeddependency grammarsdetermineDV-
structuresin thebottom-upmannerin thecourse
of reductionof phrasesto their types,just asthe
categorial grammarsdo. Eachreductionstepis
accompaniedby DV-structurescompositionand
by subsequentFA-saturation.Theyield of a suc-
cessfulreductionis a D-tree. In this paper, we
describea superclassof grammarsin (Dikovsky,
2001)which aremorerealisticfrom thepoint of
view of realapplicationsandhave thesamepars-
ing complexity.

Definition 6. A PD-grammaris a system
1 �� �ö�T�¦� � �!÷C�Tø��!n � � where �ö�T�¦� � are as de-

scribedabove, ÷gù)�´s �vu
is a setof axioms(which

are positivenonterminals),ø�ù¹� ú��ûú¶k is a
ternaryrelationof lexical interpretation, k being
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Fig. 5.

thesetof listsof pairwisedifferentvalencies,andn is a set of reductionrules. For simplicity,
we start with the strict reductionrules (the only
rules in (Dikovsky, 2001))of the form �ýüþáç�
where áÞ��� and � is a DV-structure over � of
thesamepolarity asA (belowwewill extendthe
strict rules by sideeffects). In the specialcase,
where theDV-structuresin the rulesare D-trees,
thePD-grammaris local7.

Intuitively, we can think of ø as of the com-
bined information available after the phaseof
morphologicalanalysis(i.e. dictionary informa-
tion and tags). So

� *È�!áç��·0² � �ûø meansthat a
type á and a valency list ·0² can be a priori as-
signedto theword * �
Semantics. 1. Let

2 � � *ç�!áÈ��·�² � �ÿø and ��Ê
betheunit DV-structure * with , � * � �³·0² � Then2

is a reductionof the structure �±Ê to its type á
(notation ��Ê�� µ á ) and ·0² is the integral valency
of this reductiondenotedby ·�²�� × µ ��Ê �
2. Let

2 � � �òü á �
be a reduction rule

with � nonterminals’occurrencesáÈ�P� � � � �!á?à in �K�
�Çh��Ë� and �v����� � áÈ�P� � � � �(��à����
	3á¦à besome
reductions.Then�t� � ��� � � � �0à
� 2#�

isa reductionof
thestructure ��Ê´�ÿÔÖÕ � � ��å áÈ� ½ �v�P� � � � �!á¦à ½ �±àPæ �
to its type á (notation � Ê ���Aá ). � � � � � � ���0à
as well as � itself are subreductionsof � � The
integral valency of ��Ê via � is ×

�
�±Ê �

×ÅvÆ ��å áÈ� ½ �v�P� � � � �!á¦à ½ ��à�æ´� ×ÅvÆ ��Ê � A D-tree 
 is

determinedby
1

if there is a reduction 
����
7Local PD-grammarsare strongly equivalent to depen-

dency treegrammarsof (Dikovsky andModina,2000)which
aregeneratingandnot analyzingashere.

Õ;�ÇÕ �â÷ � The DT-languagedeterminedby1
is the set � ��1ç�

of all D-treesit determines.k ��1È� �þ�P* � 
 ��� 
Ò��� ��1È� $ is the language
determinedby

1 ��� �.4 � 1ç�
denotesthe classof

languagesdeterminedby PD-grammars.

By way of illustration, let us consider the
PD-grammar

1 Ê with thelexical interpretationø
containingtriplets:� *oè�� 1o2 � �7� é%è 2(� ��å�æ � � � f -(ì � 1o2 , � f¶ïU
 � ��å
æ ���2 èP² ì � 1o2 , � 	 ïU·7l / é%ï �K� ��å jokgl©é 2 è�é±ï b qÈï�Í�ð5æ � ���/ é±ï � � �.432 è�é � wV��å qrn
l©é 2 è�é±ï b qÈï�Í�ð#æ � �� * îC-0í � � á¦
Rð#��* î±� ��å æ � � � 
0è�éêè � 
0è ��ë=ì � � � ��å´æ � ���í�î è�ï 25ì � 1o2 � � ��å�æ � � andthefollowing reduction
ruleswhoseleft partsareshown in Fig. 2:2 �¸� � �v���Àü 132 � �&� �2 ®r� � �v� � ü �6² ó�ï�Í�ðvq / é±ï �&� �2 � � � ��®=�Àü 132 � î&��/ é±ï �&� w � �2 ñ � � � �¯° ü �6²c� î%� �
ThentheD-tree 
 in Fig. 4 is reduciblein

1 Ê to�6²c� î
andits reductionis depictedin Fig. 5.

As we show in (Dikovsky, 2001), the weak
generative capacityof PD-grammarsis stronger
thanthat of cf-grammars.For example,the PD-
grammar

1 � :
9 � �

��� [ yW W
��� �N�|����� :|�

Y�_¡K¢ � :|�
generatesa non-cf language �P* ���&��� * ���&� �- " Í " 
 ë " � ��� ��$ � D-tree � ® in Fig. 3 is deter-
mined by

1 � on * ���#� � Its reductioncombined
with thediagramof local andlong dependencies
is presentedin Fig. 6.
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Fig. 6.

Thelocal PD-grammarsareweaklyequivalent
to cf-grammars,so they areweaker thangeneral
PD-grammars. Meanwhile, what is really im-
portantconcerningthedependency grammars,is
their stronggenerative capacity, i.e. the D-trees
they derive. From this point of view, the gram-
marslike

1 � above aretoo strong.Let usremark
that in the reductionin Fig. 6, thefirst saturation
becomespossibleonly afterall positive valencies
emerge. This meansthat the integral valency of
subreductionsincreaseswith

� � This seemsto be
never the casein natural languages,wherenext
valenciesariseonly after the precedingonesare
saturated.This is why we restrictourself to the
classof PD-grammarswhich have sucha prop-
erty.

Definition 7. Let
1

be a PD-grammar. For a
reduction � of a terminal structure, its defect is
definedas � � � � �Óf - ��� � ×

���
�êã � � �0ã is a subre-

duction of ��$ � 1
has bounded(unbounded) de-

fect if there is some(there is no)constant
8

which
boundsthedefectof all its reductions.Themini-
mal constant

8
havingthisproperty(if any)is the

defectof
1

(denoted� ��1ç�
).

Thereis acertaintechnicalproblemconcerning
PD-grammars.Evenif in a reductionto anaxiom
all valenciesaresaturated,this doesnot guaran-
teethat a D-treeis derived: the graphmay have
cycles. In (Dikovsky, 2001)we give a sufficient
condition for a PD-grammarof never producing
cycleswhile FA-saturation.Wecall thegrammars
satisfyingthis condition lc- (locally cycle-) free.
For the spacereasons,we don’t cite its defini-
tion, themoresothatthelinguisticPD-grammars

shouldcertainlybe lc-free. In (Dikovsky, 2001)
we prove thefollowing theorem.

Theorem 1. For any lc-free PD-grammar
1

of
boundeddefectthereis anequivalentcf-grammar.

Togetherwith this we show an exampleof a
DT-languagewhich cannotbe determinedby lo-
cal PD-grammars.This meansthatnot all struc-
turesdeterminedin termsof long dependencies
canbedeterminedwithout them.

4 Sideeffect rules and parsing

An important consequenceof Theorem 1 is
that lc-freeboundeddefectPD-grammarshave a�
�����P�

parsingalgorithm. In fact, it is the clas-
sical Earley algorithmin charterform (the char-
ters being DV-structures). To apply this algo-
rithm in practice,we shouldanalyzethe asymp-
totic factor which dependson the size of the
grammar. The idea of theorem1 is that the in-
tegral valency being bounded,it can be com-
piled into types. This meansthat a reduction
rule � ü á should be substitutedby rules��å áÈ� ½ á6��å ,v��æ�� � � � �!á¦à ½ á¦à�å ,Cà�æ æ ü á´å ,�Ê=æ with
typeskeepingall possibleintegral valenciesnot
causingcycles. Theoretically, this might blow
up · à s"! � � u timesthe sizeof a grammarwith de-
fect

8 � · valenciesand the maximal length �
of left partsof rules. So theoretically, the con-
stantfactorin the

�
�������
time boundis great. In

practice,it shouldn’t beasawful, becausein lin-
guistic grammars

8
will certainly equal #5� one

rule will mostly treat one valency (i.e. �¾�$# )
and the majority of rules will be local. Practi-
cally, theeffect maybethatsomelocal ruleswill
have variantspropagatingupwardsa certainva-
lency: ��å % ½ %�å ·(æ æ­ü á´å ·(æ � The actualprob-
lem lieselsewhere.Let usanalyzetheillustration
grammar

1 Ê and the reductionin Fig. 5. This
reductionis successfuldue to the fact that the
negative valency qrn
l©é 2 è�é±ï b qÈï�Í�ð is assignedto
thepreposition

/ é±ï �
andthecorrespondingpos-

itive valency jokgl©é 2 è�é±ï b qçï5Í�ð is assignedto the
verb

2 è�² ì � Whatmight serve theformal basisfor
theseassignments?Let us startwith

2 èP² ì � This
verbhasthestronggovernmentover prepositionsï � � / é%ï � � In the clausein Fig. 4, the group of
the prepositionis moved, which is of coursea
sufficient conditionfor assigningthepositive va-



lency to theverb. But this conditionis not avail-
ablein thedictionary, nor even throughmorpho-
logical analysis(

2 è�² ì mayoccurat a certaindis-
tancefrom theendof theclause).So it canonly
be derived in the courseof reduction,but strict
PD-grammarshave no rulesassigningvalencies.
Theoretically, there is no problem: we should
just introduceinto thedictionarybothvariantsof
theverbdescription– with the local dependencyé 2 è�é±ï b qÈï�Í�ð to theright andwith thepositiveva-
lency j3kgl©é 2 è�é%ï b qÈï�Í�ð to the left. Practically,
this“solution” is inacceptablebecausesuchalex-
ical ambiguity will lead to a brute force search.
The sameargumentshows that we shouldn’t as-
sign the negative valency q?n
l©é 2 è�é±ï b qÈï�Í]ð to/ é±ï �

in thedictionary, but rather“calculate”it in
thereduction.If we comparetheclausein Fig. 4
with theclauseswhattheorieswemayrely upon;
what kind of theorieswe mayrely upon; the de-
pendencytheoriesof whatkindwemayrelyupon
etc.,we seethat we canassigna qrn valency to
wh-words in the dictionaryand then raisenega-
tive valenciestill theFA-saturation.Theproblem
is thatin thestrictPD-grammarstherearenorules
of valency raising. For thesereasonswe extend
the reductionrules by side effects sufficient for
thecalculationsof bothkinds.

Definition 8. We introduce two kinds of side

effects: valency raising
� å · � æ �'&]� µ( · ® �

and
valency assignment

���'&]�*) · � � ·���·�����·�® being
valencynamesand

&
an integer. A rule of the

form � � å · � æ �'&]� µ( · ® � ü á
with � nonterminals áÈ�P� � � � �!á?à in � and
#,+ & +-� is valency raisingif :

(r1) ·�����·�® areof thesamepolarity,
(r2) a local dependency

2
enters á?Ù in � ,

(r3) for positive ·��P��·�®5�i�Mü á is a strict
reductionrule,

(r4) if · � ��· ® are negative, then á Ù �!áû� �´s�w u �
andreplacing á?Ù by anypositivenonterminalwe
obtaina DV-structure 8. A rule of theform� ���'&]�.) · � ü á
with � nonterminals áÈ�P� � � � �!á?à in � and
#,+ & +-� is valency assigningif :

(a1) for a positive ·���� ü á is a strict

8So this occurrenceof
�0/

in � contradictsto the point
(v2) of definition2.

reductionrule,
(a2) if · is negative and árÙ is the root of �K�

then á?Ù;�
� s �vu
and áe��� s�w u �

(a3) if · is negative and á?Ù is not the root
of �K� then á ���tsxw u �£á Ù ���ts �vu

is a non
headcomponentof � 9 and replacing á?Ù by any
negativenonterminalweobtaina DV-structure.
Semantics. We change the reductionsemantics
asfollows.Ñ For a raising rule � � å ·0��æ �'&�� µ( ·�® � ü áÈ�
the result of the reduction is the DV-structure�±Êò�ÓÔÖÕ � �21¸� ·�®��!��å áÈ� ½ �v�P� � � � �%árÙ ½43�� ·����!�CÙ � � � � � �á¦à ½ �±àPæ ��� � where

30� ·±�!�êã � is the DV-structure
resultingfrom �êã bydeleting· from , ��2 ï5ï í|� �êã ��� �
and

1£� ·��!�êã � is theDV-structure resultingfrom �êã
byadding · to , ��2 ï5ï í|� �êã ��� �Ñ For a valency assignment rule� ���'&]� ) · � ü áç� the result of the reduc-
tion is theDV-structure ��ÊI�)ÔÖÕ � � ��å áÈ� ½ �v�P� � � � �á?Ù ½51£� ·��!��Ù � � � � � �#á?à ½ ��à�æ � �

A PD-grammar with side effect rules is a
PDSE-grammar.

This definition is correctin the sensethat the
resultof a reductionwith sideeffectsis alwaysa
DV-structure.Wecanprove

Theorem2. For anylc-freePDSE-grammar
1

of
boundeddefectthereis anequivalentcf-grammar.

Moreover, the bounded defect PDSE-
grammars are also parsed in time

�
��� � � �
In fact, we can drop negative ·�� in raising
rules (it is unique) and indicate the type of2 ï5ï í|� � �

in both side effect rules, becausethe
composition we use makes this information
local. Now, we can revise the grammar

1 Ê
above, e.g. excluding the dictionaryassignment��/ é±ï � � �.432 è�é � wV��å qrn
l©é 2 è�é±ï b qÈï�Í�ð#æ � � andusing
in its placeseveralvalency raisingrulessuchas:

B @ :TEcD#F B�� y Z={ }&� F 9;:T<¦> B76�F98 9;:|� � B O|D \ >0F �Wy E��cE�: ^ W
D5:TE�D \|X

where�ò� B�:<;xB>=�Bx9;:T<¦>0FcF@?BADC>?BEDFG H
AICJ? -R:prepos-obj

FRÐ
5 Conclusion

The main ideasunderlyingour approachto dis-
continuityarethefollowing:

9So this occurrenceof
�K/

in � contradictsto the point
(v3) of definition2.



Ñ Continuous(local, even if non projective)
dependenciesare treatedin termsof treescom-
position(which remindsTAGs). E.g.,theFrench
pronominalclitics canbetreatedin thisway.Ñ Discontinuous(long) dependenciesarecap-
tured in terms of FA-saturationof valenciesin
thecourseof bottom-upreductionof dependency
groups to their types. As comparedwith the
SLASHof GPSGor theregularexpressionlifting
control in non projective dependency grammars,
thesemeansturn out to be more efficient under
the conjectureof boundeddefect. This conjec-
ture seemsto be true for natural languages(the
contrarywould meanthepossibilityof unlimited
extractionfrom extractedgroups).Ñ Thevalency raisingandassignmentrulesof-
fer a way of deriving a propervalency saturation
without unwarrantedincreaseof lexical ambigu-
ity.

A theoreticalanalysisandexperimentsin En-
glish syntaxdescriptionshow that the proposed
grammarsmay serve for practicaltasksandcan
beimplementedby anefficientparser.
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