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Abstract

PolarizeddependencyPD-) grammas
are proposedas a meansof efficient
treatment of discontinuousconstruc-
tions. PD-grammarslescribaéwo kinds
of dependencies local, explicitly de-
rived by the rules,andlong, implicitly
specifiedby negative and positve va-
lenciesof words. If in a PD-grammar
the numberof non-saturatedalencies
in derived structuresis boundedby a
constant,then it is weakly equivalent
to a cf-grammarand has a O(n?)-
time parsingalgorithm. It happenghat
suchboundedPD-grammarsrestrong
enoughto expresssuchphenomenas
unboundedaising, extraction and ex-
traposition.

1 Intr oduction

Syntactictheoriesbasedn the conceptof depen-
dencyhave a long tradition. Tesnere (Tesnére,
1959)wasthe first who systematicallydescribed
the sentencetructurein termsof binaryrelations
betweenwords(dependencig¢swhich form ade-
pendencytree (D-tree for short). D-tree itself
doesnot presumea linear orderon words. How-
ever, ary its surfacerealizationprojectssomelin-
earorderrelation(calledalsoprecedence Some
propertieof surfacesyntacticstructurecanbeex-
pressednly in termsof both dependeng (or its
transitve closure called dominancg and prece-
dence. One of such properties,projectivity, re-
quiresthat ary word occurring betweena word

g andaword d dependenbn g be dominatedby
g. In firstdependencgrammargGaifman,1961)
andin somemore recentproposals:link gram-
mars (Sleator and Temperly 1993), projective
dependenc grammars(Lombardo and Lesmo,
1996)the projectvity is implied by definition. In
someothertheoriese.g.in word grammar(Hud-
son,1984),it is usedasone of the axiomsdefin-
ing acceptablesurface structures. In presence
of this property D-treesarein a senseequva-
lent to phrasestructureswith head selectiont.
It is for this reasonthat D-treesdeterminedby
grammarsof Robinson(Robinson,1970), cate-
gorial grammargBar-Hillel et al., 1960), classi-
cal Lambekcalculus(Lambek,1958),and some
otherformalismsare projectve. Projectvity af-
fectsthe compleity of parsing: asarule, it al-
lows dynamicprogrammingtechnicswhich lead
to polynomial time algorithms(cf. O(n?)-time
algorithmfor link grammarsn (SleatorandTem-
perly, 1993)). Meanwhile,the projectiity is not
the norm in naturallanguages.For example,in
most Europeanlanguageshere are such regu-
lar non-projectre constructionsas WH- or rel-
ative clauseextraction, topicalization,compara-
tive constructions,and some constructionsspe-
cific to a languagee.g. Frenchpronominalcli-
tics or left dislocation. In termsof phrasestruc-
ture, non-projectiity correspondgo discontinu-
ity. In this form it is in the center of dis-
cussionstill 70-ies. There are various depen-
deny basedapproachego this problem. In
theframewnork of Meaning-Ext Theory(Mel’ €uk
andPertsw, 1987),dependenciglsetweer(some-

1See(Dikovsky andModina,2000)for moredetails.



times non adjacent)words are determinedin
terms of their local neighborhoodwhich leads
to non-tractableparsing (the NP-hardnessargu-
ment of (Neuhausand Broker, 1997) appliesto
them).Morerecentersionf dependencgram-
mars (seee.g.(Kahaneet al., 1998; Lombardo
andLesmo,1998;Broker, 1998))imposeon non-
projective D-treessomeconstraintswealer than
projectvity (cf. meta-projectiity (Nast 1995)or
pseudo-projectity (Kahaneet al., 1998)), suffi-
cientfor existenceof a polynomialtime parsing
algorithm. Still anotherapproachis developed
in the context of intuitionisticresource-dependen
logics,whereD-treesareconstructedrom derva-
tions (cf. e.g. amethodin (Lecomte,1992)for
Lambekcalculus).In this contet, non-projectie
D-treesaredeterminedvith the useof hypotheti-
calreasoningandof structuralrulessuchascom-
mutatvity andassociatiity (seee.g.(Moortgat,
1990)).

In this paper we put forward a novel ap-
proachto handlingdiscontinuityin termsof de-
pendeng structures. We proposea notion of a
polarizeddependenc{PD-) grammarcombining
severalideasfrom cf-treegrammarsgdependengc
grammarsand resource-dependernbgics. As
most dependenc grammars,the PD-grammars
are analyzing. They reducecontinuousgroups
to their typesusinglocal (contet-free) reduction
rules and simultaneouslyassign partial depen-
deng structurego reducedyroups.Thevalencies
(positive for governorsand neggative for subordi-
natesareusecdo specifydiscontinuouglong) de-
pendenciesacking in partial dependeng struc-
tures. The mechanismof establishinglong de-
pendenciess orthogonatlto reductionandis im-
plementedby a universaland simplerule of va-
lenciessaturation. A simplified versionof PD-
grammarsadaptedor the theoreticalanalysisis
introducedandexploredin (Dikovsky, 2001). In
this paper we describea notion of PD-grammar
moreadaptedor practicaltasks.

2 Dependencystructures

Wefix finite alphabetd¥ of terminals(words),C
of nonterminals(syntactictypesor classes)and
N of dependencpames

Definition 1. Letz € (W U C)" beastring A
setr = {di,...,d,} of trees(called components

of =) which cover exactly z, haveno nodesin

common,and whosearcs are labeledby names
in N is a dependenc (D-) structureon z if one
component; of « is selectedasits head?. We
usethe notationz = w(w). = is a terminal D-

structurdf z is a string of terminals.Whenr has
only onecomponentit is a dependenc(D-) tree
onz.

For example, the D-structurein Fig. 1 has
two components.V (auz) is the root of the non
projective headcomponentthe othercomponent
GrPn(quan) is aunittree.

compl

aurxr

, I :

GrNn Pnfper)<n> V(ur) GrPn(guan) PP<n>

subj

Fig. 1.

In distinction to (Dikovsky, 2001), the non-
terminals(and even dependenc names)can be
structured. We follow (Mel'€uk and Pertse,
1987)anddistinguishsyntacticalX (s) andmor-
phological X <m > featuresf anonterminalX.
Thealphabetbeingdfinite, thefeatureaunification
is ameansf compactingagrammar

The D-structuresve will usewill bepolarized
in the sensethatsomewordswill have valencies
specifyinglong dependenciesvhich must enter
or go from them. A valencyis an expressionof
oneof theforms+L : r, +R : r (a positiveva-
lengy), or —L :r, —R : r (a ngyative valeng),
r beinga dependenc name. For example,the
intuitive senseof a positve valeny +R : r of
a noden is that a long dependenc r might go
from n somavhereon theright. All nonterminals
will besigned:we presumehatC is decomposed
into two classes of positive(C(*)) andnegative
(C)) nonterminalsrespectiely. D-structures
with valencies DV-structues aredefinedsothat
valenciessaturationwould imply connectiity.

Definition 2. A terminaln is polarizedif a finite
list of pairwise different valencies® V(n) (its
valeng list) is assignedto it. n is positie, if
V(n) doesnot contain negative valencies, A
D-treewith polarizednodesis positie if its root

2\We visualized, underliningit or its root, whenthereare
someothercomponents.

3In theoriginal definitionof (Dikovsky, 2001),valencies
mayrepeain V' (n), butthis seemgo beanaturalconstraint.



is positive, otherwiset is negative.

A D-structue 7 on a string = of polarized
symbolsis a DV-structureon z, if the following
conditionsare satisfied:

(v1)if aterminalnoden of 7 is negative then
V(n) containsexactlyonenegativevalency

(v2)if adependencyf 7 entes a noden, then
n IS positive

(v3) the non-headcomponentf 7 (if any)
are all negative
Thepolarity of a DV-structures that of its head.

POSITIVE DV -STRUCTURES
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Fig. 2.

In Fig. 24, bothwordsin 715 have novalencies,
all nonterminalsn 71; andn3 arepositive (we
label only negative nonterminals) 5 is positive
becausats headcomponents a positve unit D-
tree,mo1 andmyy arenegative becauseheir roots
arengyative.

Valenciesaresaturatedby long dependencies

Definition 3. Let 7w be a terminal DV-structue.
A triplet I =< ni,ne,r >, whee ny,ny are
nodesof = andr € N, is a long dependenc

4For the reasonsof 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:uponkinf>.

with the namer, directedfrom n; to no (nota-

tion: ny — :> ne), if there are valenciesy; €
V(’I’Ll),’l)g S V(’I’Lg) sud that:

(v4) eithern; < ng (n1 precedesiy), vi =
+R:r,andvy = —L :7,o0r

(V5)ng <ny,v1 =+L:r,andvy = —R: 7.
We will saythat v, saturates» by long depen-
dencyi.

Thesetof valenciesin 7 is totally ordered by
theorder of nodesandtheorders in their valency
lists: vy < vy if

(Ol) eitherv; € Vﬂ-(nl),vg € Vﬂ-(TLQ) and
ny < ng,
(02)or v, vy € Vi(n) andv; < v, in Vi (n).

Let m; be the structue resulting from 7 by
adding the long dependency! and replacing
Vﬂ(nl) byVm (nl) = Vw(nl) \ {’01} andVﬂ(ng)
by Vi, (n2) = Vi(ng) \ {v2}. Wewill saythatm;
is a saturatiorof r by [ anddenotét by < 7.
Amongall possiblesatuationsof = wewill select
thefollowing particular one:

Letv; € Viz(n1) be the first non satuated
positive valencyin w, and vo € V,(n9) be
the closestcorresponding non satuated neg-
ative valencyin w. Thenthe long dependency

l=(n — 1> ng) satumating vy by v is first
available(FA) in «r. Theresultingsatuation of
by [ is first availableor FA-saturationnotation:
7 <FA ).

Wetransformtherelations<, <4 into partial
orders closingthemby transitivity
L

b d c

T a a b

-

P Ty
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R

Vort o
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Fig. 3.

Supposehatin Fig. 3, both occurrence®f a
in o and the first occurrenceof a in m have
V(a) = {—R : r}, andboth occurrencesf b
in o andthe secondoccurrenceof b in m; have
V(b) = {+L:r}. Thenmy <F4 1) <FA 1y

SCorrespondingneans

(cl) no < miandvy = —R:7rifvi =+L:r and
(c2) n1 <neandvy = —L:rifvy =+R:r.



In (Dikovsky, 2001),we prove that
e If w is aterminal DV-structue and r < m,
theneitherm; hasa cycle or it is a DV-structue
(Lemmal).

As it follows from Definition 3, eachsatura-
tion of aterminalDV-structurer hasthe sameset

of nodesanda strictly narraver setof valencies.

Therefore,ary terminal DV-structurehas maxi-
mal satuationswith respecto theorderrelations
<, <F4A Veryimportantly theris a singlemax-
imal FA-satuation of 7 denoted M S*(x). E.g.,
in Fig. 3, M S'(mg) = mo is aD-tree.

In orderto keeptrack of thosevalencieswvhich
arenotyet saturatedve usethe following notion
of integral valency

Definition 4. Let = be a terminal DV-structue.
The integral valengy Y 7 of « is the list
FA

U Vusim(n) orderedbytheorderof va-
n in w(w)
lenciesin «r. If M S'(x) is a d-treg we saythat
this D-treesaturatesr andcall = saturable

By thisdefinition, >~ M S(x) = Y .
I FA FA

Saturability is easily expressedin terms of
integral valeny (Lemmaz2 in (Dikovsky, 2001)):
Letw beaterminal DV-structue. Then:

e MS!(rn) is a D-treeiff it is cycle-fee and
>m =0,
FA

e 7 hasat mostonesatuiating D-tree

Thesemantic®f PD-grammarsvill bedefined
in termsof compositionof DV-structureswhich
generalizestringssubstitution.

Definition 5. Let m; = {di,...,dx} be a DV-
structue, A be a nonterminalnodeof oneof its
componentsand m, = {d,...,d;, ...,d;} bea
DV-structuee of the samepolarity as A and with
the head componentd;. Then the result of the
compositiorof 7y into 71 in A is theDV-structue
m1[A\m2], In which 7y is substitutedfor A, the
root of d} inherits all dependenciesf A in 7,
and the head componentis that of 7 (changed
respectivelyf touchedon by composition§.

It is easyto seethat DV-structurer in Fig. 4
canbederived by thefollowing seriesof compo-
5This compositiongeneralizeghe substitutionusedin

TAGs (Joshietal., 1975) (A needsnot be aleaf) andis not
like the adjunction.

sitionsof the DV-structuresn Fig. 2:

12 = m11[Nn\dependency, Gr Nn\theory),

oo = mo1[(Prep)~ \upon, (Adj, wh)\what,
GrNn\m2],

714 = m3|GrNn(per)\we, GrV (mod)\may,
GrV (gov : upon)\rely],

™= 7T15[GTWh(PT‘6p)_\7T22,
Cl fobj —upon\m),

andd = M S*(r).

R R —
upon  hat dependency theory we MayY rel
{-v) {+of

DV-structurer ((+/—)v = (+L/—R): prepos—oby)
F—————— prepos—obj _ _ _ _ _ _ _ 4
| l !
\ \
v i Y ' ¥l

upon  what dependency theory we may rely

D-treed = M S* ()
Fig. 4.

The DV-structures composition has natural
properties:

e The result of a compositioninto a DV-
structue « is a DV-structue of the samepolarity
as7 (Lemma3 in (Dikovsky, 2001)).

o |f Zﬂ'l = ZT{'Q, thenZWO[A\Msl(ﬂ1)]
FA FA FA

= Y mo[A\M S'(mp)] for any terminal 1, 7o
FA
(Lemma4 in (Dikovsky, 2001)).

3 Polarized dependencygrammars

Polarizeddependenc grammarsdetermineDV-

structuresn the bottom-upmannerin the course
of reductionof phrasedo their types,just asthe
categorial grammarsdo. Eachreductionstepis
accompaniedy DV-structurescompositionand
by subsequenfA-saturation.Theyield of a suc-
cessfulreductionis a D-tree. In this paper we
describea superclas®f grammardan (Dikovsky,

2001)which are morerealisticfrom the point of
view of realapplicationsandhave the samepars-
ing compleity.

Definition 6. A PD-grammaris a systemG =

(W,C,N,I,\,R), whee W,C,N are as de-
scribedabove, I C C1) isa setof axioms(which

are positivenonterminals)\ C W x C x Lisa
ternaryrelationof lexical interpretationL being
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the setof lists of pairwisedifferentvalenciesand
R is a setof reductionrules  For simplicity,
we start with the strict reductionrules (the only
rulesin (Dikovsky, 2001))of theform = — A,
where A € C and~ is a DV-structue over C of
the samepolarity as A (belowwe will extendthe
strict rules by side effects). In the specialcase
whele the DV-structuesin therules are D-trees,
the PD-grammaris local’.

Intuitively, we canthink of A asof the com-

bined information available after the phaseof
morphologicalanalysis(i.e. dictionaryinforma-
tion andtags). So (w, A,vl) € A meansthata
type A anda valeny list vl canbe a priori as-
signedto theword w.
Semantics. 1. Letr = (w,A,vl) € X andmg
betheunit DV-structue w with V(w) = vl. Then
r is a reductionof the structue = to its type A
(notation my " A) andwl is the integral valengy
of thisreductiondenoteddy vl = ) m.

2. Let r = (m— A) bea r:aduction rule
with £ nonterminalsoccuriencesAy, ..., Ag in,
k>0, and m FP1 Ay, ..., T FP* A, besome
reductionsThenp = (p;...px; ) isareductionof
thestructue my = MS*(r[A1\ 71, ..., Ap\7k])

to its type A (notation wy H* A). p1,..., pk

as well as p itself are subreduction®f p. The
integral valeny of my via p is > . my =

p
S w[Ai\m1, .., Ag\mx] = D mp. A D-treed is
FA . . FA .
determineadby G if ther is a reduction d +*
"Local PD-grammarsare strongly equivalentto depen-

deng treegrammar®f (Dikovsky andModina,2000)which
aregeneratingandnot analyzingashere.

S, S € I. The DT-languagedeterminedby
G is the set D(G) of all D-treesit determines.
L(G) = {w(d) | d € D(G)} is the language
determinecby G. L(PDG) denoteghe classof
languagesdeterminedy PD-grammas.

By way of illustration, let us considerthe
PD-grammaliG, with thelexical interpretation\
containingtriplets:

(we, GrNn(per),[ ]), (may,GrV(mod),[ ])
(rely, GrV (gov:upon), [+L:prepos—obj|),
(upon, (Prep)~, [—R:prepos—obj]),

(what, (Adj,wh),[ ]), (dependency, Nn,[ ]),
(theory, GrNn,|]), andthefollowing reduction
ruleswhoseleft partsareshavn in Fig. 2:

r1 = (m1 — GrNn),

ro = (w3 — Cllobj—upon),
rg = (w1 — GrWh(upon)™),
T4 = (7T15 — ClWh).

Thenthe D-treed in Fig. 4 is reduciblein G to
CIW h andits reductionis depictedn Fig. 5.

As we shav in (Dikovsky, 2001), the weak
generatie capacityof PD-grammarss stronger
thanthat of cf-grammars.For example,the PD-

grammarGy:
a S8 | A — g
{-R:r}
Gi:
1
b A ¢ | 4 — A
{+L:r}

generatesa non-cf language {w(n) | w(n) =
ab"dc", n > 0}. D-treemy in Fig. 3 is deter
mined by G1 on w(2). Its reductioncombined
with the diagramof local andlong dependencies
is presentedn Fig. 6.



Fig. 6.

Thelocal PD-grammarsireweakly equivalent
to cf-grammarsso they arewealer thangeneral
PD-grammars. Meanwhile, what is really im-
portantconcerningthe dependenc grammarsjs
their stronggeneratre capacity i.e. the D-trees
they derive. From this point of view, the gram-
marslike G, above aretoo strong.Let usremark
thatin thereductionin Fig. 6, thefirst saturation
becomegpossibleonly afterall positve valencies
emepge. This meansthat the integral valeny of
subreductiongncreasesvith n. This seemdo be
never the casein naturallanguageswhere next
valenciesariseonly after the precedingonesare
saturated.This is why we restrictourselfto the
classof PD-grammarsvhich have sucha prop-
erty.

Definition 7. Let G be a PD-grammar For a
reductionp of a terminal structue, its defectis
definedas a(p) = maz{|>_ 7’| | p’ is a sube-

ductionof p}. G has bounpded(unbounde)j de-
fectif thereis some(there is no) constaniy which
boundsthe defectof all its reductions.Themini-
mal constanty havingthis property (if any)is the
defectof G (denotedr(G)).

Thereis acertaintechnicalproblemconcerning
PD-grammarsEvenif in areductionto anaxiom
all valenciesare saturatedthis doesnot guaran-
teethata D-treeis derved: the graphmay have
cycles. In (Dikovsky, 2001)we give a sufficient
conditionfor a PD-grammarof never producing
cycleswhile FA-saturation We call thegrammars
satisfyingthis conditionlc- (locally cycle-)free
For the spacereasonswe dont cite its defini-
tion, themoresothatthelinguistic PD-grammars

shouldcertainly be Ic-free. In (Dikovsky, 2001)
we prove thefollowing theorem.

Theorem 1. For any Ic-free PD-grammarG of
boundediefecthereis anequivalentf-grammar

Togetherwith this we shov an exampleof a
DT-languagewnhich cannotbe determinedoy lo-
cal PD-grammars.This meansthatnot all struc-
turesdeterminedin termsof long dependencies
canbedeterminedvithoutthem.

4 Sideeffectrules and parsing

An important consequenceof Theorem 1 is
thatlc-free boundeddefectPD-grammardave a
O(n?) 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 Theideaof theoreml is that the in-
tegral valeny being bounded,it can be com-
piled into types. This meansthat a reduction
rule = — A should be substitutedby rules
7T[A1\A1 [Vl], . Ak\Ak [Vk]] — A[Vb] with
typeskeepingall possibleintegral valenciesnot
causingcycles. Theoretically this might blow
up v*¥(¢*+1) timesthe size of a grammarwith de-
fect ¢, v valenciesand the maximal length &
of left partsof rules. So theoretically the con-
stantfactorin the O(n?) time boundis great. In
practice,it shouldnt be asawful, becausén lin-
guistic grammarsg will certainly equal 1, one
rule will mostly treatonevaleny (i.e. £ = 1)
and the majority of ruleswill be local. Practi-
cally, the effect may be that somelocal ruleswill
have variantspropagatingupwardsa certainva-
leng: w[B\B[v]] — A[v]. The actualprob-
lemlies elsavhere.Let usanalyzetheillustration
grammarG, and the reductionin Fig. 5. This
reductionis successfuldue to the fact that the
negative valeny — R : prepos—obj is assignedo
the prepositionupon andthe correspondingpos-
itive valeny + L : prepos—obj is assignedo the
verbrely. Whatmight sene theformal basisfor
theseassignmentsiet us startwith rely. This
verb hasthe stronggovernmentover prepositions
on,upon. In the clausein Fig. 4, the group of
the prepositionis moved, which is of coursea
suflicient conditionfor assigningthe positive va-



lengy to theverh But this conditionis not avail-
ablein the dictionary nor eventhroughmorpho-
logical analysis(rely may occurat a certaindis-
tancefrom the endof the clause).Soit canonly
be derived in the courseof reduction,but strict

PD-grammarsave no rulesassigningvalencies.

Theoretically thereis no problem: we should
justintroduceinto the dictionaryboth variantsof
the verb description— with the local dependenc
prepos —obj to theright andwith the positive va-
lenyy +L:prepos—obj to the left. Practically
this“solution” is inacceptabléecausesuchalex-

ical ambiguity will leadto a brute force search.

The sameagumentshaws that we shouldnt as-
sign the negative valeny —R:prepos—obj to
upon in thedictionary but rather“calculate”it in
thereduction.If we comparethe clausein Fig. 4
with the clausesvhattheorieswe mayrely upon;
what kind of theorieswe mayrely upon; the de-
pendencyheoriesof whatkind we mayrely upon
etc.,we seethatwe canassigna —R valeny to
whwordsin the dictionary andthenraise nega-
tive valenciedill the FA-saturation.The problem
is thatin thestrictPD-grammarsherearenorules
of valeny raising. For thesereasonsve extend
the reductionrules by side effects sufiicient for
the calculationsof bothkinds.

Definition 8. We introduce two kinds of side

effects: valeng raising ([v1](7) % v9) and
valeny assignmen((i) < wv), v,v1,vs being
valencynamesand ¢ an integer. A rule of the
form

T
m([v1](7) T v2) - A
with & nonterminals Ay, ..., Ag
1 <i < kis valeng raisingif :

(r1) v1, vo are of the samepolarity,

(r2) alocal dependency entes A; in ,

(r3) for positivevy,ve, ® — A is a strict
reductionrule,

(rd) if v1, v, are negative thenA4;, A € ),
andreplacingA; by any positivenonterminalwe
obtaina DV-structue 8. A rule of theform

w((i) < v) > A
with k& nonterminals A4, ..., A
1 <1 < kis valeng assigningf :
(a1) for a positivev, m — A is a strict

in 7= and

in 7 and

830 this occurrenceof A; in « contradictsto the point
(v2) of definition2.

reductionrule,

(a2) if v is ngyative and A; is the root of =,
then4; € C*) andA € ),

(al) if v is ngyative and A; is not the root
of -, thenA € C), 4, € C™) is a non
headcomponendf 7 2 andreplacing A; by any
negativenonterminalwe obtaina DV-structue.
Semantics. We change the reductionsemantics
asfollows.

e For araisingrule 7([v1](z) $ V) — A,
the result of the reductionis the DV-structue
7o = MS(a(ve, 7[A1\ 71,y Ai\O(v1, i), -,
Ak\m])), whee §(v, ') is the DV-structue
resultingfrom=’ by deletingv fromV (root(n')),
anda(v, ') is the DV-structue resultingfrom
by addingwv to V (root(w')).

. For a valency assignment rule
w((i) < wv) — A, the resultof the reduc-
tionistheDV-structue my = M S (n[A1\71, ...,
AZ'\CY(’U,TQ;), i) Ak\ﬂ-k])

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

This definition is correctin the sensethat the
resultof areductionwith side effectsis alwaysa
DV-structure We canprove

Theorem 2. For anylc-freePDSE-gammarG of
boundediefecthereis anequivalentf-grammar

Moreover, the bounded defect PDSE-
grammars are also parsed in time O(n?).
In fact, we can drop neggatve vy in raising
rules (it is unique) and indicate the type of
root(m) in both side effect rules, becausethe
composition we use makes this information
local. Now, we can revise the grammar G|
above, e.g. excluding the dictionary assignment
(upon, (Prep)~,[—R:prepos—obj]), andusing
in its placeseveralvaleny raisingrulessuchas:

prepos

determ

(Prep) (Adj,wh) GrNn (o) = GrW h(upon)~

prepo
whereo = ([](3(GrNn)) 1 -R:prepos-oby.

Prep

5 Conclusion

The main ideasunderlyingour approachto dis-
continuityarethefollowing:

%So this occurrenceof A4; in « contradictsto the point
(v3) of definition2.



e Continuous(local, even if non projectve)
dependencieare treatedin termsof treescom-
position(which remindsTAGS). E.g.,the French
pronominalclitics canbetreatedn this way.

e Discontinuouglong) dependenciearecap-
tured in terms of FA-saturationof valenciesin
the courseof bottom-upreductionof dependenc
groupsto their types. As comparedwith the
SLASH of GPSGor theregularexpressiorifting
control in non projectve dependenc grammars,
thesemeansturn out to be more efficient under
the conjectureof boundeddefect. This conjec-
ture seemsto be true for naturallanguagegthe
contrarywould meanthe possibility of unlimited
extractionfrom extractedgroups).

e Thevaleny raisingandassignmentulesof-
fer away of deriving a propervaleny saturation
without unwarrantedincreaseof lexical ambigu-
ity.

A theoreticalanalysisand experimentsin En-
glish syntaxdescriptionshav that the proposed
grammarsmay sene for practicaltasksandcan
beimplementedy anefficient parser
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