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ture inNorwegianPetter HaugereidNorwegian University of S
ien
e and Te
hnologyDragvoll, N-7491 Trondheimpetterha�hf.ntnu.no.Abstra
tThis paper presents an HPSG approa
hto long distan
e dependen
ies in Norwe-gian, where the extra
tion site is assumedto dominate the extra
ted item. The ap-proa
h involves a radi
ally new analysis ofbasi
 main 
lause and subordinate 
lausestru
tures. The analysis is extended toIrish, where 
omplementizers register theextra
tion path.1 Introdu
tionIn frameworks like GPSG (Gazdar et al., 1985,137-168), HPSG (Pollard and Sag, 1994, 157-207and 376-388) and (Sag et al., 2003, 427-452), LFG(Bresnan, 2001, 180-208) and CCG (Steedman,2000), the extra
ted item of a long distan
e de-penden
y is assumed to be �lled in at the top ofthe tree. The way an element is extra
ted, variesfrom framework to framework.In the HPSG literature there are two main ap-proa
hes to long distan
e dependen
ies, pointedout by Levine (2003). In one approa
h, the tra
eapproa
h (Pollard and Sag, 1994, 157-207), it isassumed that an empty 
ategory is taken as anargument and introdu
es an element on the slashlist that is transferred up the tree until it is �lled inby the head �ller rule. In a more re
ent approa
h,the lexi
al approa
h (Bouma et al., 2001), it is as-sumed that a lexi
al head gathers the slashes fromits arguments and adjun
ts by means of relational
onstraints. Then the slash value is transferredup the tree until the head �ller rule �lls it in.In the approa
h I am suggesting in this paper,the extra
tion site is assumed to dominate the �llerrule. I am going to show how this single assump-tion gives a natural a

ount of the registering ofthe extra
tion path in languages like Irish.2 The new approa
hLong distan
e dependen
ies are a

ounted for bymeans of three operations. This is illustrated inFigure 1. First, there is a �ller rule at the bot-
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##NPHva Vleser NPJonFigure 1: Analysis of Hva leser Jon (`What doesJohn read')tom of the tree (the VP/NP node1). Se
ond, theslash list is 
opied up the tree. This is done byunifying the slash value of the �rst daughter withthat of the mother. Third, the �lled in elementis extra
ted. This is done by means of a unaryextra
tion rule (node VP2).2.1 The �ller ruleThe �ller rule is given in Figure 2.2 Here it isillustrated how the element on the slash list ofthe mother is uni�ed with the lo
al value of the�rst daughter (see tag 2 ). The slash list of thehead daughter is empty.2.2 The extra
tion ruleThe extra
tion rule for argument 2 is given in Fig-ure 3. Here, the lo
al value of arg2 (tag 2 )is uni�ed with the slash element of the daugh-ter. The slash list of the mother is empty. Thefa
t that argument 2 is extra
ted by this rule ismarked by swit
hing the link value from arg2+ inthe daughter to arg2{ in the mother. The grammar1The label VP is used for phrases with head valueverb. The number on a node indi
ate that the rule isa valen
e rule, and also what kind of argument thatwas realized. The numbers 
orrespond in general tothe roles found in the initial stratum in RelationalGrammar (Blake, 1990). Instead of assuming valen
efeatures su
h as spr and 
omps, the valen
e featuresarg1, arg2, arg3 and arg4 are employed (S�gaardand Haugereid, 2005, 196{197).2The feature synsem is left out in order to makethe �gures as small as possible.
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tion ruleIt is assumed in this approa
h that also subje
tsare extra
ted. This is illustrated in Figure 4, wherethe rule VP1 extra
ts the subje
t han (`he'). Thehead �ller rule (VP/NP) is the daughter of theextra
tion rule.2.3 Floating quanti�ersOne reason for extra
ting the subje
t is that thismakes it possible to a

ount for so-
alled \
oat-ing quanti�ers" (Sporti
he, 1988) in Norwegian.The assumption is that 
oating quanti�ers appearwhere the extra
tion has taken pla
e. The 
oatingquanti�er of a subje
t in a Norwegian main 
lauseappears after the �nite verb, as the data in (1) in-VP2HHH���VP1VP/NP

##NPHan Vleser
NP

##en avis

Figure 4: Analysis of Han leser en avis (`He readsa newspaper')

di
ate.3 In (1a) alle (`all') appears between the�nite verb and the dire
t obje
t (the position forthe subje
t in a yes-no question). In (1b) alle is po-sitioned before the �nite verb, and the senten
e isungrammati
al. In (1
) alle is positioned after thedire
t obje
t, and the senten
e is ungrammati
al.(1) a. Barna
hildren-def leserread alleall ena bok.book`The 
hildren all read a book.'b. * Barna
hildren-def alleall leserread ena bok.book
. * Barna
hildren-def leserread ena bokbook alle.allThe data in (2) show that the 
oating quanti-�er of the obje
t, begge (`both'), appears in the\
anoni
al" position after the subje
t (see 2a). Ifbegge is atta
hed to the extra
ted obje
t ((2b)) or
omes in the position after the �nite verb ((2
)),the senten
e is ungrammati
al.(2) a. B�kenebooks-def leserread jegI beggeboth p�aon totwo timer.hours`The books I read both in two hours.'b. * B�kenebooks-def beggeboth leserread jegI p�aon totwotimer.hours
. * B�kenebooks-def leserread beggeboth jegI p�aon totwotimer.hoursGiven the analysis where the subje
t is assumedto be extra
ted, it is possible to assume a rule thatextra
ts the subje
t and at the same time realizesthe \
oating quanti�er," as illustrated in Figure5. Here the rule labeled VP enters an element inthe slash list of the daughter, and realizes the\
oating quanti�er" alle.2.4 The merge ruleVerbs that are not heading the proje
tion are a
-
ounted for by means of a rule 
alled merge-rule.3Faarlund et al. (1997, 920{922) has more examplesof 
oating quanti�ers of subje
ts in Norwegian. Ex-
eptional 
ases o

ur in 
onne
tion to light (or weak)pronouns, like in (i) (so-
alled \Obje
t Shift"). The
oating quanti�er here o

urs in the position after theobje
t ((ia)), instead of before the obje
t ((ib)).(i) a. Barna
hildren-def leserread denit-light alle.all`The 
hildren all read it.'b. * Barna
hildren-def leserread alleall den.it-light



VP2aaa!!!VPHHH���VP/NPQQ��NPBarna Vleser Detalle NPll,,en bok
Figure 5: Analysis of Barna leser alle en bok (`The
hildren all read a book')This rule will atta
h the main verb to the proje
-tion in 
ases where an auxiliary or a 
omplemen-tizer heads the proje
tion. This is illustrated inFigure 6, where the auxiliary har (`has') heads theproje
tion, and the main verb lest (`read') mergeswith the auxiliary proje
tion in the node AUXP.AUXP2aaa!!!AUXPHHH���AUXP1AUXP/NP

##NPJon AUXhar

Vlest NPavisen
Figure 6: Analysis of Jon har lest avisen (`Jon hasread the newspaper')The merge rule is given in Figure 7. The illus-tration shows that the �rst daughter is the headdaughter (see tag 1 ). The valen
e values of thetwo daughters are uni�ed with that of the mother(tag 2 ).4 The merge value of the �rst daughter isuni�ed with the se
ond daughter (see tag 4 ), andthe merge value of the se
ond daughter is uni�edwith the merge value of the mother (tag 3 ).2.5 Subordinate 
lausesSubordinate 
lauses are a

ounted for by meansof a parti
ular 
onstru
tion, the binary 
omple-mentizer rule. This 
onstru
tion takes as its �rstdaughter a proje
tion that 
an take a subordi-nate 
lause as its se
ond argument. The se
ond4The illustration of how valen
e information ismerged is simpli�ed in this presentation. In a gram-mar implementation of this analysis, I am using twovalen
e features in order to give a 
onstru
tional a
-
ount of passive. But as long as passive is not involved,the values of val will always be uni�ed, so this is notrelevant for presentation given here.
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 j slash hi 3775Figure 7: Merge ruledaughter of the 
onstru
tion is a 
omplementizer.This is illustrated in Figure 8, where the node CP
ombines a verb proje
tion and a 
omplementizer.With su
h an approa
h to subordinate 
lauses, itis possible to maintain the assumption that the ex-tra
tion site dominates the gap. VPCP2CP/NPaaa!!!CP/NPaaa!!!CP1/NPHHH���CP2/NPHHH���VP1/NPHHH���VP/NPQQ��NPBoka Vhevder NPJon Cat NPhan AUXhar Vlest

Figure 8: Analysis of Boka hevder Jon at han harlest (`The book, John 
laims that he has read')The tree in Figure 8 shows that the 
omplemen-tizer (C) be
omes the head of the stru
ture, andthat the following words atta
h to the C proje
tion.At the top of the tree, the stru
ture is turned ba
kinto a V proje
tion. What happens in this analysisis that most of the stru
ture of the VP sister of Cis put in a sta
k in CP2/NP. This stru
ture is thenpopped at the top of the tree (VP). Figure 9 and10 show in detail how this works.The \sta
king" and \popping" me
hanism al-lows for several embeddings into subordinate
lauses. The fun
tion of the pop rule is to ar-rive at the main 
lause level again after enteringa subordinate 
lause. The pop rule allows for the
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ted PP atta
hments, as the trees in Figure 11and 12 show. In Figure 11, the PP atta
hes insidethe subordinate 
lause, while in Figure 12, the PPatta
hes at main 
lause level.3 Registering of extra
tion pathOne argument for letting the extra
tion site dom-inate the �ller rule is data from languages wherethe extra
tion path is registered by verbs or 
om-plementizers. The Irish data in (3) (originallyfrom M
Closkey (1979)) are used by Hukari andLevine (1995) and Sag (2005) among others to il-lustrate this fa
t. In Irish, the 
hoi
e of 
omple-mentizer re
e
ts whether the 
omplementizer in-tervenes between an extra
tion site and the �lleror not. The 
omplementizer goN is not on the ex-tra
tion path, while the 
omplementizer aL is onthe extra
tion path. In (3a) there is no extra
tiontaking pla
e, so the 
omplementizer goN is used.In (3b) there are two 
omplementizers on the ex-tra
tion path. Both of them aL. And in (3
) thereare three 
omplementizers, all of them aL, on theextra
tion path. (3d) is an example of an NP with
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Figure 11: Analysis of Jon hevdet at han sov i 
eretimer (`John 
laimed that he had slept for severalhours'). PP atta
hment to subordinate 
lause.two 
omplementizers, but where only one is on theextra
tion path. The 
omplementizer on the ex-tra
tion path is aL and the one o

urring after theextra
tion site is goN. (3e) has three 
omplemen-tizers. Two on the extra
tion path (both aL), andone after the extra
tion site (goN).The element that is extra
ted does not have tobe a 
omplement. It 
an also be an adjun
t.(3) a. D�uirtsaid m�eI gurLgoN.PAST sh��lthought m�eI goNCOMP
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Figure 12: Analysis of Jon hevdet at han sov i 
eretimer (`John 
laimed that he had slept for severalhours'). PP atta
hment to main 
lause.mbeadhwould-be s�ehe ann.there`I said that I thought that he would be there.'b. anthe fearman aLCOMP sh��lthought m�eI aLCOMPbheadhwould-be annthere`the man that I thought would be there'
. anthe fearman aLCOMP d�uirtsaid m�eI aLCOMPsh��lthought m�eI aLCOMP bheadhwould-be annthere`the man that I said I thought would be there'd. an[the fearman℄j aLCOMP sh��lthought goNCOMPmbeadhwould-be s�ehej annthere`[the man℄j that thought hej would be there'e. anthe fearman aLCOMP d�uirtsaid s�ehe aLCOMPsh��lthought goNCOMP mbeadhwould-be s�ehe annthere`the man that he said thought he would bethere'In an approa
h where the extra
tion site domi-nates the �ller, this kind of data 
an be a

ountedfor, sin
e the mother of the 
omplementizer 
antell whether the 
omplementizer is on the extra
-tion path or not. So the 
omplementizer only hasto \agree" with its mother. In all the other ap-

proa
hes, where the �ller is on the top of the tree,there is no straightforward a

ount of the extra
-tion path fa
ts. In the tra
e a

ount of Pollardand Sag (1994) the non-empty slash value is onlya

essible above the extra
tion site.Espe
ially adjun
t extra
tion is diÆ
ult, sin
eadjun
ts normally do not appear in the sub
atframe of the verb. Bouma et al. (2001) suggestto 
olle
t all the dependents of a verb (argumentsand adjun
ts) on a deps list, and then, by means ofrelational 
onstraints, letting the dependent that isextra
ted appear on the slash list of the verb. Theslash then follows the head to the top of the tree,where it is �lled in. Sag (2005) uses a lexi
al ruleto a
hieve the same. In the approa
h suggested inthis paper, no extra ma
hinery is needed as long asone assumption holds, namely that the extra
tionsite dominates the �ller.The tree in Figure 13 shows how the NP in (3e)
an be analyzed. Note that the mothers of the twoaL-
omplementizers have a non-empty slash list,while the mother of the goN-
omplementizer hasan empty slash list. NPDan N'RelPCPCPCPCPCPCPCP/NPCP/NPRelP/NPRelP/NPRelP/NPNfear COMPLaL Vdúirt NPsé COMPLaL Vshíl
COMPLgoN Vmbeadh NPsé Advann

Figure 13: Analysis of (3e)Referen
esBarry Blake. 1990. Relational Grammar. Londonand New York: Routledge.Gosse Bouma, Rob Malouf, and Ivan A. Sag. 2001.Satisfying 
onstraints on extra
tion and adjun
-tion. Natural Language and Linguisti
 Theory,1(19):1{65.
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