A PRELIMINARY COMBINATORY CATEGORIAL GRAMMAR
ANALYSIS OF NORWEGIAN LANGUAGE

Onur Cobanoglu

Middle East Technical University
onur.cobanoglu@ceng.metu.edu.tr

Abstract. Combinatory categorial grammar (CCG) has been proved to be a powerful
tool in explaining a wide-variety of linguistic phenomena in human languages. In this
work, we present a CCG model of a simple subset of Norwegian language, which
correctly predicts certain constructions and gives sound explanations of certain
behaviors of the language, based on the lexical properties of the language. Among the
studied constructions are basic word order, semantic asymmetries, argument
extractions out of complement and relative clauses, control verbs, coordination, node
raising and gapping. Besides these, as a guidance for future research, some unique and
interesting constructions and behaviors of the Norwegian language are presented.

1. INTRODUCTION

Combinatory Categorial Grammar (CCG) ((Ades & Steedman, 1982), (Dowty, 1979), (Bach, 1979),
(Bach, 1988)) is a linguistic framework, which models the language as syntactic and semantic
categories of its lexical entries and predicts the phrase structure by combination of categories according
to some determined combinatory rules. Although its being a highly lexicalized theory, recent extensions
on CCG like multi modal CCG (Baldridge, 2002) and type hierarchical CCG (McConville, 2005)
increased the control of lexicon over derivational control much beyond the capabilities of the original
framework.

Up to now, CCG is applied to the analysis of various languages like English, Turkish, Dutch, Tagalog,
Toba Batak, Japanese etc. In this work, a preliminary analysis of the Norwegian language using CCG is
presented. Scope of the analysis covers the most frequently inspected topics in CCG analyses: In
Section 2, an analysis of the basic word orders of Norwegian in declarative, interrogative and
subordinate clauses are given. Section 3 presents some logical form constraints in order for model to
predict certain semantic asymmetries observed in the language. Section 4 includes categories of lexical
items taking place in control constructions in Norwegian. Finally, in Section 5, coordination behaviors
of the language are tried to be explained according to the constructed model.

Before beginning the analysis, there is one point to be clarified: There is not a homogenous single
Norwegian. Besides two wide dialects Nynorsk (meaning ‘new Norwegian’) and Bgkmal (meaning
“bookish language”) dominating the Norway, there are many minor dialects throughout the country. In
this work, lexicon may be originated from different dialects, but to the best of our knowledge, in the
scope of this work all dialects show similar behavior.

In this work, we will use both featural properties of type hierarchical CCG (T-CCG) and modalities
introduced in multi-modal CCG (MM-CCG). The rule set that is used in this work, presented below, is
completely taken from (Baldridge, 2002):



- Forward Application (>)
X/Y: f Y:x > X: fx
- Backward Application (<)
Y: x XY f 2> X: fx
- Forward Type Raising (>T)
X: x > Y/iY\X: Af.fx
- Backward Type Raising (<T)
X: x > Y\ Y/ X: Af.fx
- Forward Harmonic Composition (>B)
X/oY: f Y/ioZ:g > X/oZ: AX.F(gx)
- Backward Harmonic Composition (<B)
Y\Z: g X\WY:f > Z\X: Ax.f(gx)

- Forward Crossed Composition (>B,)

XAY: f Y\Z: g > X\ Z: Axf(gx)

X/XY: f Y\»ZJrANT: g > X\»ZJrANT: ﬂXf(gx) (>Bxam)

X/qXY: f Y\><Z+ANT: g > X\><Z+ANT: ﬂxf(gx) (>Bxant)

X/qXY: f Y\be-#ANT: g > X\be-#ANT: ﬂxf(gx) (>Bxant)
- Backward Crossed Composition (<By)

Y/iZ: g X\Y: f > XhZ: AXf(gx)

Y/XZ+ANT: f X\»Y g > X/XZ+ANT: /?,Xf(gX) (>Bxant)

Y/<><Z+ANT: fX\XY g > X</><Z+ANT: ﬂXf(gx) (>Bxant)

Y/ Ziant: X\ Y: @ > X/ @ Ziant: AXF(gx) (>B,™)

Here +ANT feature is used to indicate the antecedent government (Steedman, 2000), (Baldridge, 2002)
of the argument. Following the general convention, we will abbreviate /, as/and \qas\ .

. BASIC WORD ORDER

Norwegian language belongs to the Germanic languages family, and like some other members of the
family (e.g. Dutch and German) it exhibits V2 word order in main clauses, but unlike Dutch and
German, subordinate clause word order is strictly SVO (as in English) (Ellingsen, 2004). V2 constraint
imposes that the finite verb must be the second constituent in a declarative clause, and in such a clause
first constituent always topicalizes:

€] Jeg liker en bok
I like.PRES a book
‘I like a book’

2 en bok liker jeg
a book like.PRES 1
‘I like a book’



Obviously, (1) and (2) brings an ambiguity question of how to determine subject and object if their
relative order is undetermined. In her work, depending on the statistical results obtained from Oslo
Corpus, (Qvrelid, 2004) states that in general subject is higher than or equal to object in animacy and
definiteness. Since in (1) and (2), “a book” is clearly less animate than “I”, there is no ambiguity about
subject and object.

V2 constraint does not imply that relative order of verb’s arguments are free. In fact, relative order of
arguments is strict and what breaks that order is topicalization of one of the arguments. This can be well
understood from the following ditransitive examples:

3) Gyrd ga en bok tilInge (SVdOiO)
Gyrd give-PAST a book to Inge
‘Gyrd gave a book to Inge’

4 En bok ga Gyrd til Inge (dOVSiO)
‘Gyrd gave a book to Inge’ (‘a book’ emph.)

6) Til Inge ga Gyrd en bok (10VSdO)
‘Gyrd gave a book to Inge’ (‘to Inge’ emph.)

As careful readers may see, argument order pattern is SAOiO, and to get a main clause one of these
arguments topicalizes and comes to the first position. Arguments except the topicalized one must
maintain their relative orders. For example, the following sentence is invalid:

(6) * Gyrd ga til Inge en bok
Argument order can be best seen in question forms, where finite verb is in the first position:

(7 Ga Gyrd en bok til Inge
‘Did Gyrd give a book to Inge?’

Note that there are no head words (like “did” in English) indicating the question form. Question form is
obtained by only moving the finite verb to first question.

So, in transitives argument order is SO and in ditransitives argument order is SdOiO. Note that indirect
objects of ditransitives are prepositional phrases (like shifted datives of English ditransitives) with head
“til”. However, in subordinate clauses, there is a strict order rather than relative order of untopicalized
verbal arguments. Order is SV in intransitives, SVO in transitives and SvdOiO in ditransitives:

(®) ...at Gyrd ga en bok tilInge (SVdOiO)
that Gyrd give-PAST a book to Inge

‘... that Gyrd gave a book to Inge’

9) *...aten bok  ga Gyrd til Inge (dOVSiO)
‘... that Gyrd gave a book to Inge’ (‘a book” emph.)

(10) *... at til Inge ga Gyrd en bok (1I0VSdO)
‘... that Gyrd gave a book to Inge’ (‘to Inge’ emph.)

In the next sections, we will present the categories and rules to obtain these verb orders.

2.1. DECLARATIVE/INTERROGATIVE CLAUSES

In our model, verbal categories are determined according to interrogative clause order, and declarative
clauses are derived from interrogatives by topicalization of a single element (actually this is what goes
on Norwegian):

sitter: Sinter/NProm := AX.Sit'X



koerer: Sinter/NPace/NPpom = AXAy.drive yx

ga: Sinter/ PPit/NP oo/ NPpom := AXAYAZgiVE ZyX

A constituent topicalizes by one of the following rules:

(11 Norwegian Forward Noun Phrase Extraposition Rule (>fxp-np)
NP:@ Dapnp  Sdect/$i/6(Sinter/ $i/NP): Af f&

(12) Norwegian Forward Prepositional Phrase Extraposition Rule (>fxp-pptil)
PPii:@ D ppptit - Sdect/$i/0(Sinter/$i/PPyi): Af.fa

Effects of these rules on the derivations can be seen in the following sentences:

(13) Gyrd ga boka til Inge
NP: Gyrd’ Sinter/ PPt/ NP aco/ NProm: NP: book’ PPy: Inge
>fxp-np AxAyAz.give zyx

SdecllpptiI/N Pacc
1o(Sinter/PPii/NPaco/ NProm): Af.fGyrd’

>
Suect/PPyil/NPyee: AyAz.give zyGyrd’
>
Suea/PPyii: Az.give' zbook’ Gyrd’
Seed: 0iVE Inge book' Gyrd’
(14) Boka ga Gyrd til Inge
NP: book’ Sinter/PPti1/NP e/ NPom: NP: Gyrd’ PPy: Inge
>fxp-np AxAyAz.give zyx
SdecI/PPtiI/O(Snter/PPtiI/N Pacc): Af.fhook’
>
Sdeat/PPil/NPyec: AyAz.give zyGyrd’
>
Suea/PPyii: Az.give zbook' Gyrd'
Sued: 0iVE Inge’ book' Gyrd’
(15)  til Inge ga Gyrd boka
PPy: Inge’ Sinter/PPtil/NP oo/ NPyom: NP: Gyrd’ NP: book’
>fxp-pptil AxAyAz.give zyx
SdecI/O(Snter/PPtil): ALl nge’
>

Sued/PPyit/NPec: AyAz.give zyGyrd’

Seea/PPyit: Az.give zbook’ Gyrd'

Sted: 0iVE INge book Gyrd’



Diamond modality on the forward slash °/* in the lexically raised category (occurring after forward
extraposition) is necessary to block some unwanted combinations like the following:

16)* Je boka liker
_Jeg
NPpom: I’ NP: book’ Sinter/ NPace/ NPpom:
AxAy.like yx
>fXp-np

SdecI/N Pacclo(s nter/N Paoc/N I:)nom): AP

<T
Stec\(Suect/NPago): Af.foook’

*kk <By
Stect/o(Sinter/NPace/ NPnom): Af.fl"book’

Sqea: like bookl’

Since these topicalization rules require a interrogative form to convert to declarative form, these rules
cannot be applied twice subsequently in a simple clause. In this way V2 constraint is preserved by
guaranteeing that not more than one element is topicalized, and one element must be topicalized in
order to obtain declarative form. Below it can be seen how the parse of a doubly topicalized clause is
blocked:

an Jeg boka liker

N-PII{IIII: 1’ NP "H')Uk' Slnlurmarrmnum:
AxAyv.dike vy

= —> fxp-np
S[htlfﬁ(sinlrlePm}m}: /,f.ﬂ‘!f)t)l’(

> fxp-np
Sectls SinterNPyeo): Affbook’

>B
Saect/NPpom: Axdile bool’x

* ok >
S geai: fike'book']

Note that current model is unable to decide the subject and object in main clauses. Since this is an
semantic problem originating from ontology, we will show how to handle this in section 3.2. For now,
assume that invalid parses of a sentence like “Gyrd liker Pizza” finding “Gyrd” as object and “Pizza” as
subject are not produced by the model, and model correctly finds subject and object.

Besides its natural appearance to us, there is one more important reason why we choose to derive
declarative forms from interrogative forms: What comes to the first position and topicalizes does not
have to be one of the verb’s arguments. Following two examples illustrate this fact:

(18) idag koerer hun bilen
Today drive.PRES she car.THE
‘Today she drives the car’

(19) Gyrd  tror jeg at ga boka  til Inge
Gyrd think.PRES 1 that give.PAST book.THE to Inge
‘I think that Gyrd gave the book to Inge’



When topicalized are not among its arguments, it’s hard for a verb to guess which and how many
elements come to the left of it, in order to preserve V2 constraint. In addition, in such a situation a
mechanism that makes the verb take all of its arguments to the right must be developed. We believe that
such options are not as linguistically sound as topicalization rules. (Steedman, 2000) and (Baldridge,
2002) use this approach as well, in their analysis of Dutch, which exhibits almost the same
characteristics with Norwegian in main clauses.

2.2. SUBORDINATE CLAUSES

Since subordinate clause order is strictly SVO, there is no need for topicalization mechanisms like in
declarative clauses. In model, a lexical rule for verbal categories is defined in order to obtain
subordinate clauses:

(20) Norwegian Subordinate Derivation Rule (inter-to-sub)
Sinter/ $1/N Pnom: f 9inter-to-sub Ssub/ $i\NPnom: f

In fact, this is no different from defining an additional ‘subordinate’ category for all verbs (as
(Steedman, 2000) and (Baldridge, 2002) did in their Dutch analysis).

In our language model, we define the categories of the verb “tro” (“think” in English) and
complementizer “at” as follows:

(21)  tro: Sinter/<«Ssub/NPpom = AxAs.think’ sx

(22)  at: S’gup/Ssup = Aff
Like all verbs, when “tro” is used in a main clause it should obey the V2 constraint. However, current
topicalization rules are insufficient to bring a constituent before “tro” in a main clause, since modality
on the slash ‘/;” in forward extraposed category Sgec/$i/o(Sineer/;$i/NP) is incompatible with /« modality

in the “tro” category. One possibility is (like (Steedman, 2000) and (Baldridge, 2002) did) modifying
the topicalization rules as follow:

(23)  NP:@ Dppnp  Sdect/$i/o(Sinter/ $i/NP): Af fa’

(24)  PPui@ D pepppiit Sdect/$i/o(Sinter/ $i/PPyir): Af.fa
For this reason, rather than modifying the existing rules, we adopted to put a new forward extraposition
rule for noun phrases, which applies only to the category of ‘tro’ (so to the similar words):

(25) Norwegian Forward Noun Phrase Extraposition Rule for Subordinating Verbs
(>fxp-npforsub)

NP:& 9 fxp-npforsub Sdecl/ <Ssub/ O(Sinter/ <Ssub/NPn0m): /’i,f.fa’

Now we are ready to show some sample derivations of simple sentences having a subordinate clause:



(26) Jeg tror at Gyrd ea boka til Inge
NPom: " SintﬂJ;SsulJrN Poomt s'snh"155nh: NP:Gyrd" (Singel PPa/NP oo/ NPygm )i NPibook” PPy Inge’
AxAs think'sx AL AvAyAz.give'nx
- - > - . = fxp-npforcomp S./PP/NP,ANP, . inter-to-sub
Stect/Ssut/ o Sinter/Ssut/ NP nom)* suld PP NP ANP g
AT Axdydz.give'x
Sdect! S sut 5. think'sl ) S/ NP@/NP, o AvizgivesGurd'

SouPPai Az give=book'Gyrd'

S,up Zive'Inge book'Gyrd'

S give'lnge'book'Gyrd'

S geatt think'igive'lnge'book'Gryd' ) I

S’ means ‘complemented subordinate sentence’. In this respect, ‘at’ takes an uncomplemented

subordinate clause and produces the complemented version of it. Note that Sy, argument of ‘tro’ does
not specify whether the argument is complemented or not, so we can drop the complementizers as can

be done in Norwegian:

iy
@n Jeg tror Gyrd ga boka til Inge
NP oi Sin!cr"r‘ssulr‘fNPnum: NP:Gyrd" (Sinte/ PP /NP oo/ NP o): NPibook' PPy: Inge’
AxAs.think'sx AxAyAz.give'zyx
‘ ‘ ‘ ‘ > fxp-npforcomp Suu/PP /NP NP inter-to-sub
S{.Il.-l:l"r“ssuI':’rQ(s’int('r‘;s’suhv‘rNPnum}: Ssu ti 4ee nom*
AT AxAyiz. give'zyx
> <
Sd“p" Scun: As.think'sl' Seu/NP /NP, 0 AvAz.give'zyGyrd'
>
Seu/PPrt Az give'zbook'Gyrd'
>
Squp: give'lnge'book'Gyrd'
=
Sgea: think'(give'Inge'book'Gryd') I'

Word order of subordinate clause verbs correctly rules out the non-SVO orders, like the following:

2

@8) Jeg tror at boka ga du til Inge
anom: I Sinter";ssuh“Nann: S'ﬁuhf‘ssuh: NP:book' (Sinterfpptilmpuccmpnnm): NP, mou’ l-,Ptil: Inge’
AxAs.think'sx AL AxAyAz give'zyx

inter-to-sub

Ssub”PPtil"rNPncc\NPnom:
AxAyAz.give'zyx

Seu/NP /NP, 2 AvAdz give'zvbook'

EEE

Scu/PP it Az.give'zyou'book’

As can be seen in (19), it is also possible that one of the arguments of the verb in the subordinate clause

is extracted to the first position in the main clause and topicalize, like in (29) and (30):



29 Boka tror Jjeg at Gyrd ga til Inge
NP:book'  SinterSsut/NPuom? NP ot I S'sub/Ssun: NP:Gyrd" (Singer/ PP /NP (/NP yom): PPy: Inge'
AxAs.think'sx ALf AxAyAz.give'zyx
- inter-to-sub
> Smlb“"P!iI"rNI".:u:l:\NPnom:

Sinter!Scupt As.think'sl AxAylz.give'zyx

>RpaIp SwaPPa/NPoct AzgiveGryd SSPPu Hifnge’
S&cl‘fosinlrrfNPucc: o " et AV GIERTI o

Af-fbook’
Seuty NPt Av.give'lnge'zGryd'
S uNP 2 Av.give'lnge'zGrvd'
Sinter!/NPycet Av.think'(give'Inge'zGryd') I'
Sgeat: think'(give'Inge'book'Gyrd') I'
30 .
) il Inge tror jeg at Gyrd ga boka
PPzinge’ SinterSsub/NPoom: NP I S'sut/Ssun: NP:Gyrd" (Sinter/ PP /NP /NPy om): PPz boka’
AxAs. think'sx ALf AxAyiz.give'zyx
S bfPP NP_\NP inter-to-sub
Sinter/Sean: 5. think'sT el t_;jfw,mf‘"""
>fxp-pptil : + dude oive' sl Trud’
S&cl‘rosimerfpptil: b:&uh"l]:'l:'lil"er:'m:c' ’{1';‘*-.‘.“"— :J'(”'J""(
Af.fInge’

S PP Az give'zbook'Gryd'

S'u/PPur Az give'zhook'Grvd'

Sinter/ PPt Az.think'(give'zbook'Gryd') I

Sgeat: think'(give'book'Inge'Gyrd') I'

In order to extract and topicalize the subject of the subordinate clause, we will need some more rules
since subordinate clause with missing subject will look for an antecedent to the left of it and will not go
under simple functional composition with any NP (following the model that NP categories are marked
as —ANT [non-antecedent] default, and remain -ANT when type-raised, as given in (Steedman, 2000)
and (Baldridge, 2002)), as illustrated:

Gh, Gyrd tror jeg at ga boka til Inge
NP:Gyrd' Sinlcr’:ssub'rNPnnm: NPy I S'"hJ;S“h: (Sinter/ PP /NP /NP gopn): NP:hook' PPy Inge’
AxAs think'sx ALF AxAyAz.give'syx
> - inter-to-sub - =<l == sl
SinterlgSsubt As.think'sl' Sut/PP /NP NPyt (Seu/PPaVSu/PPa/NPY: S MSu/PP s Al flnge
AxAyAz give'nx Affhook'
<B

Seut/PPGINP ot Az givezhook’s
<B

Scub\NP goms Av.give'lnge'book’x
>B ant

8" b NP o eant Av give'Inge hook'x *
:,,Bxlﬂ(

Sinter NP aom + ant Axthink'igive Tngebook'x) I

i

Sintert think'(give Tnge book' Gyrd ) I'



Antecedent government is the reason why we use € modality in the categories of “tro” and ““at”. In this
way unwanted combinations with non-antecedent noun phrases and some other unwanted parses can be
prevented, as illustrated below:

32
%2), Gyrd at ga boka til Inge
NP:Gyrd' S'su.,r;‘S‘_q..a,: (Sinter/PP /NP NP o): NP:hook' PP: Inge'
AL f AxAyAz.give'zyx
inter-t b = T < - - . <T
Scub/PPaNP NPy (SsunPP i) (Squy/PP/NP): Scun\Seun/PPa: Af.fInge
AxAydz give'zyx Af.fhook’
T <B
Scu/PPa\NP 02 Axdz givezbook'x
<B
S NPoom: Ax.give'Inge'book’x
>B‘anl
S' NP o vt Av.give'lnge'book'x ’
B <B
S'cun: give'lnge'book'Gyrd'
33, Gyrd tror jeg 2 boka til Inge
NPGYd SinerSeat/Poomt NPyt I Sined PPaNPoc NPy NP ook’ PPy Inge’
AxAs think'sx Axdyiz.give'nx
. = inter-to-sub  — z T 2 . T =T
S,-,“,,JQS,:“: As.think'sl" Ssub/PPa/NP \NP g o (S5ub/PPa)/(S;un/PPo/NP): S S/ PP s Afflnge
AxAyiz.give'zyx Affhook’
, =B
S, u PP \NP ot Avdz give'zhook'x
=B
Soun'NPyom: AxgiveTnge'book's
:.,,B ant

Sinterd NP yom, +ant: Av.think'(giveInge'hook'x) I

e

Sintert think'(give Inge book'Gyrd') '

As can be guessed from (33), € modality is used in the category of “tro” for cases with missing
complementizers. Even in such situations antecedent government must be handled.

In order for antecedents to combine with categories looking for them, we add the following forward
raising rule to the model:

(34) Norwegian Forward Type Raising Rule for Antecedent NPS (>T ant.xp)
NP.a, 9>TANT-NP Sdecl/(sinter\NPiANT): ﬂffa’

Note that by taking an interrogative form and producing a declarative form, this rule also handles the
topicalization of the antecedent NP, hence the V2 constraint. Now we can parse the following example:



35 .
&) Gyrd tror jeg at

2a

boka til Inge

NP:Gyrd" SinterySsub/NPram: NP s I 5t/ Ssunt

Saect (Sinter NP3 s
As.think'sl’

(Sinter/ PP /NP /NP )2

NP:hook' PP fnge’

AvAs think'sx ALF AxAyiz give'syx
= ] i = = ===l = - — —=T
SinterlgSsubt As.think'sl' Scu/ PP /NP MNPy (Sout/PPaV S/ PPa/NPY: S S/ PPyl Afflnge
AxAyAz give'nx Affhook'
3=y . ‘B
T St/ PP NPyt AxAz give zhook's h
3 RETTY =B
Scub\NP goms Av.give'lnge'book’x
}B ant
8" b NP o eant Av give'Inge hook'x *
:,,Bxlﬂt

Sinter NP aom + ant Axthink'igive Tngebook'x) I

Sgeart think'(give Ingehook' Gyrd') I’

Extractability of the subject creates an ambiguity when complementizer misses from the above
sentence: “Gyrd tror jeg ga boka til Inge” can be interpreted as both “Gyrd tror at jeg ga boka til Inge”
or “Gyrd tror jeg at ga boka til Inge”. This ambiguity is approved by native speakers (ambiguity seems
to be resolved prosodically, in the written Norwegian “Gyrd, tror jeg, ga boka til Inge” unambiguously
gives the second meaning). Fortunately, our model can guess this ambiguity as can be seen in (36) and

(37):
36) Gyrd tror Jjeg ga boka til Inge
NP, om: Gyrd' Sin!u"r‘ssub‘IrNPnum: NP:/' Sinter/PP /NP o/ NPy o): NP:book' PPyy: Inge’
AxAs.think'sx AxAyAz.give'zyx

S(Iﬂ'l"r‘ss uh"o (Sinlcr‘{‘ss uh'{NPnom) :

> fxp-npforcomp

inter-to-sub

Ssuh"’P Ptil"{N Pau"‘N Pnom :

MfGyrd AxAyAz.give'zyx
>
Saec Squv /5. think'sGyrd' SeuyNPt/NP 2 Ayiz give'zyl'
- - >
Scu/PPart Az givezbook'l'
. r L rr >
Squn: give'lnge'book'l
-~
Sea: think'(give'Inge'book'l’) Gyrd'
G Gyrd tror Jjeg ga boka til Inge
NP:Gyrd” SintedSca/NProm? NPt I (Sinter/ PP /NP /NP ) NP:hook' PPy Inge’
AxAs. think'sx Axdydz give'nix
inter-to-sub - — T - ~ =
SinterlgSeap? 25 think'sl St/ PPANPL NP ™ (S PPGYS/PPa/NPY: S S/ PPa)l: 2 finge
AxAyAzgive'zyx Affhook’
<B
S, u PP \NP ot Avdz give'zhook'x
<B
Soun'NP omt Axgive'lngebook's

>B‘Hl"’

Sinler‘rNPnnmﬁ.\\'l'

1 Ax.think'(give 'Inge'bookx) I’

Sgeatt think'(give'Inge'book'Gyrd') I

10



As the final word, we should say that the whole subordinate clause can topicalize and come before the
verb “tro”:

(38) At Gyrd ga boka  tilInge  tror jeg
That Gyrd give.PAST book-THE to Inge think. PRES 1
‘I think that Gyrd gave the book to Inge’

(39) Gyrd ga boka  tilInge  tror jeg
Gyrd give.PAST book-THE to Inge think.PRES 1
‘I think that Gyrd gave the book to Inge’
In order to handle such situations, we add a topicalization rule for subordinate clauses:

(40) Norwegian Forward Subordinate Clause Extraposition Rule (>fxp-sub)

Ssub:a’ 9fxp—sub Sdecl/ O(Sinter/ <Ssub): ﬂf-fa’

Now our model can give parses of (41) and (42) as follows:

4 a Gyrd ga boka til Inge tror Jeg
S',,,.,J; Saunt NP:Gyrd" (Singe/PPa/NP o /NPow):  NP:book” PPz Inge' Si,,,c,./‘S_.mhf NP om® NP om: I'
ALY AxAyAz.give'zyx AxAs.think'sx
inter-to-sub -
SwhfPmeN Pacc\N Pnnnl: Sinler"rqssuh: As.think'sl'
AxAyAz.give'zyx

S/ NP@/NP 0 Avdz givezyGyrd'

Su/PPip: Az give'zhook'Gyrd'

>
Seunt give'lnge’book'Gyrd'

-
S'sunt give'Inge'book'Gyrd'

= fxp-sub
Sdecl‘fo(simer‘f‘slsnh):
Atfigive'nge'book'Gyrd')

Sgeat think'(give'Inge'book'Gryd') I'

(42) Gyrd ga boka til Inge tror Jeg
NP:Gyrd' (Sinee /PPa/NP /NP om):  NP:book' PPy: Inge’ Si.,,”f(SwwW[’m,m: NPt I’
AxAyiz. give'zyx AxAs.think'sx
inter-to-sub
S:«'uh"rPPIilfNPacc\NPnom: Si,"“f‘s,“h: As.think'sl'
AxAyAz. give'zyx

Sy NP/INP 2 Aviz give'nyGyrd'

S.u/PP g Az give'zhook'Gyrd'

>
S.up: give'lnge'book'Gyrd'

= fxp-sub
Sacct/o (SintergSsun)
Affigive'Inge'book'Gyrd')

Syeat think'(give'Inge'book'Gryvd) I'



2.3. RELATIVE CLAUSES

Following the convention which counts relative clauses as noun modifiers (Steedman, 1996), we give
the categories of the relative pronoun “som” as follow:

43)  som: (N\N)/(Ssub\NPyom+anT) = APAXAQ.and’ (PX)(QX)

44)  som: (N\N)/(Ssun/NP,cc) := APAXAQ.and’ (Px)(Qx)

Since relative clauses are subordinate clauses, we reflect this expectation to the category of “som” by
marking the ‘S’ argument as ‘Sy,;,”. Two simple examples including relative clauses are parsed below:

@ en man som liker en bok sitter
(Suect’Silo(Sinte/SYNP)/N: - Neman' (NINS b NP s ant): Sinted/ NP NP o)t NP:hook' SinteeNPyom?
AR R’ AP 2xAQ.and'(Px)(Ox) AxAylikes'x Ax.sits'y
—————————inter-to-sub <
snub"NPacc\N pm-m: “’xuh\(-"mlprmc):
AxAylikes'yx Al fthook'
<B
Soun' NP ot Avlikes'book's
NNz AxcAQ.and'tlike'book'x) (Ox) g
N: AQ.and'(likes book' man’) (Oman')
>
Suaect’Silo(SineerSiNP): AQ.and (likes book' man') (Oman')
Saect: and'tlikes'book' man') (sits' man')
46 . .
e en bok s0m en man liker sitter
(Suect/Silo(Sinter SiNP))/N: N: book’ (NS, /NP ) NP:man' (Sinter/NP /NP om): Sinter/NPaom:
AR.R AP ixAQ.and'(Px)(Ox) AxAy. likes'x Ax.sits's
S/ NP NP

AxAy likes'yx

SouNP et Avdikesyvman'

N\N: AxAQ. and'(like'xman’) (Ox)

N: AQ.and'flikes'book'man’) (Obook’)

S teet/So(Sinte!SiNP): AQ.and'(likes book'man’) (Obook')

Saear and'(likes'book'man') (sits' book')

Note that we used the additional category (47) for indefinite particle ‘en’ (meaning ‘a’ in English). This
category is inspired from its English counterpart introduced in (Steedman, 1996). However, since
whatever it produces must topicalize when it becomes the first constituent in a main clause (due to V2
constraint) , like in the examples above, category is arranged accordingly:

(47) a: (sdecl/$i/0(Sinter/$i/NP))/N = ARR

Unlike English, both subjects and objects can be long distance extracted out of relative clauses. Current
state of model implies this naturally, since we can extract both subject and object out of complement
clauses. However, before predicting this syntactic symmetry, we should add another rule to derive
subordinate clauses using subordinating verbs like ‘tro’:
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(48) Norwegian Subordinate Derivation Rule for Subordinating Verbs (inter-to-subforsub)

Sinter / <Ssub/NPn0m: f 9inter-to-subforsub Ssub/ <Ssub\NPnom: f

Now we can show both kinds of long distance extractions:

9’
@9 en bok som tror at du postod at Gyrd liker
(SuaectSi'oSinedSyNPIWN: Nz book'  (NANMS, /NP, NP I SinterlgSsutNPoms S'aatgSeunt NPaomi S Sout/NPoomt  SsatlSeunt NP1 G1rd  Sinter/NPaee/ NPyom):
ARR APAxAQ.and (Px)iOx) AxAy think'sx Ass you' Axis.claim'se Avs AxAy likes'yx
i Morsub e ——— LU TR ) i L
St/ Ssub NP oom SyutSsub NP g Seut/NPac\ NPyt
AxAy.think’se Axds.claim'se Axdylikesyx
2 il S ] 3 ] p— ’ <
St/ Suyt A think's! SutlySsunt As.claim'syou S /NP et A likes v Gyrd
=B
S NP et A likes yGvrd
- =B
Sa™NPL ot Avclaim likes VOyvd )von®
=B
S' NP2 Avclaim flikesyGyrd fyvou’
=B
S NPt Avthink telaim'(fikesyGyrd hyou') I'
=B
NIN: AxAQ and (think'{claim (likes YChd Tyou ) HOx)
Nz AQ and'{think'claim tikes VOyrd')you') 1) (Qbook’)
>
St Silo(SinteSYNPY: AQ and (think tclaim ' (ikes vGyrd vou ') ') Obook’)
0 en man s0m Jeg tror at du postod at liker en bok
Soect/S/oSinieSINPYN: | Nemian  (NINJAS /NP o NPoomrt ' SiniergSeut/NP gt Sl St NPaomt S kS NPormt S/ Sourt Sinte/NPuc/ NPt NP2 hook
AR.R APAxAQ.and'(Px)(Qx) AxAy. think'sx Ass you' AxAs.claim'sy As.s Axiy likes'yx
- - i bforsub i to-sub e L LU LT
SratlSrat NP Sl St NPt Simer S NP2
AxAy.think'se AvAs.claim’sy Af fhack’
— < B
Soutd Soa Asthink'sl' Sy S As.claim'sou’ Sinter NPyt A likes hook's o
S, ub NP ot A likes'hook's
=g,
8" /NPt AvdikesyChvrd '
>B ant
B ub NP o syt A cleniosflikes hook v you’ *
=R amt
S NP yom + anr Avclaims'dlikes Bookx)vou' *
=B
S, NP o+ anys AV think telaims'tlikes book xhyvou') I'
=B
NWN: AvAQ and ihink (claimslikes hook xhyou ) ' Ox)
Nz AQ and'{think'tclaims '(ikes book ) vou ') 1 (O}
>

SuetSVoSinre e SYNPY: AQ anel (ehink'telaims'flikes ook ) you ) ') {Ox)

3. SEMANTIC ASYMMETRIES

3.1.

BINDING
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3.2.  SUBJECT-OBJECT AMBIGUITY

As stated before, VSO+topicalization creates two options (SVO & OVYS) for interpretation, syntax
provides no solution to solve the ambiguity in sentences. (Qvrelid, 2004), addressing the same problem,
published some statistics from Oslo Corpus comparing animacy and definiteness properties of subjects
and objects in sentences. Having seen that in 97.6% of the sentences object is not higher than subject in
animacy, she proposed the following constraint:

(51) Norwegian Animacy Constraint: In a sentence, object cannot be higher than subject in
animacy.

Subject and object show a statistical asymmetry in definiteness as well, but since definiteness results are
more uncertain, we will not give place to definiteness in our model’s semantic constraints. Since we can
use final logical form to identify the subject and object, we can apply the constraint to obtained
sentences. In order to specify animacy for constituents, we can use T-CCG (McConville, 2005) to
define an ontology of the world, which is reflected to arguments as features. A very simple ontology
discriminating only animate and inanimate objects would work in parsing the following sentence.

(52) en bok liker Gyrd
NP: Snter/ NPacc/NPnom: NP
book':inanimate- AxAy.like' yx Gyrd':animate
being -being
>fXp-np

SdecI/N Pacclo(Snter/N Paoc/N IDnom):
Af.fbook’ :inanimate-being

Suect/NPgcc: Ay.like'ybook' inanimate-
being

*Sieq: like' Gyrd':animate-being book: inanimate-being’

Here, the reading like’ Gyrd' :animate-being book: inanimate-being’ is blocked due to the fact that
subject is lower than object in animacy.

4. CONTROL CONSTRUCTIONS

Norwegian control verbs shows similarity to English in structure. There are two kinds of control verbs,
one for subject control and one for object control:

(53) Jeg overbeviste Gyrd om aabade Inge
I persuade.PAST Gyrd (about) to bathe Inge
‘I persuaded Gyrd to bathe Inge’

54) Jeg lovte Gyrd aa bade Inge
I promise.PAST Gyrd to bathe Inge
‘I promised Gyrd to bathe Inge’

Different from English, infinitival complements cannot undergo heavy noun phrase shift:

(55)  *Jeg overbeviste om aabade Inge Gyrd
I persuade.PAST (about) to bathe Inge Gyrd
‘I persuaded Gyrd to bathe Inge’
(56) *Jeg lovte aa bade Inge Gyrd
I promise.PAST to bathe Inge Gyrd
‘I promised Gyrd to bathe Inge’

14



As reader may notice, the only syntactic difference between subject and object control verbs is head of
their infinitival complements: While object control verbs use infinitival complements with head “om”,
subject control verbs use the head““aa” instead.

Control verbs are no exception to the V2 constraint. Like all other verbs, their arguments have a strict
relative order (this order is subject, object and infinitival complement, respectively) and any of the
arguments may topicalize:

57) Overbeviste jeg Gyrd om aa bade Inge
persuade.PAST I Gyrd (about) to bathe Inge
‘Did I persuade Gyrd to bathe Inge?’
(58) Jeg overbeviste Gyrd om aabade Inge
I persuade.PAST Gyrd (about) to bathe Inge
‘I persuaded Gyrd to bathe Inge’
(59) Gyrd overbeviste jeg om aabade Inge
Gyrd persuade.PAST 1 (about) to bathe Inge
‘I persuaded Gyrd to bathe Inge’ (Gyrd emphasized)
(60) om aabade Inge overbeviste jeg Gyrd
(about) to bathe Inge persuade.PAST 1 Gyrd
‘I persuaded Gyrd to bathe Inge’ (“to bathe Inge” emphasized)

(61) Lovte jeg Gyrd aa bade Inge
promise.PAST 1 Gyrd to bathe Inge
‘Did I promise Gyrd to bathe Inge?’
(62) Jeg lovte Gyrd aa bade Inge
I promise.PAST Gyrd to bathe Inge
‘I promised Gyrd to bathe Inge’
(63) Gyrd lovte jeg aabade Inge
Gyrd promise.PAST 1 to bathe Inge
‘I persuaded Gyrd to bathe Inge’ (Gyrd emphasized)
(64) aabadeInge overbeviste jeg Gyrd
to bathe Inge persuade.PAST 1 Gyrd
‘I persuaded Gyrd to bathe Inge’ (“to bathe Inge” emphasized)

An important point is that infinitival complements are islands in a sense, i.e.,no constituent inside an
infinitival complement can be extracted and topicalized:

(65) *om aabade overbeviste jeg Gyrd Inge
(about) to bathe persuade.PAST 1 Gyrd Inge

(66) *Inge overbeviste jeg Gyrd om aabade
Inge persuade.PAST I Gyrd (about) to bathe

(67) * aa bade Inge overbeviste jeg Gyrd om
to bathe Inge persuade.PAST 1 Gyrd (about)

(68)  *aa bade lovte jeg Gyrd Inge
to bathe persuade.PAST I Gyrd Inge

(69) *Inge lovte jeg Gyrd aa bade
Inge promise.PAST I Gyrd to bathe

Now we will present the new categories capturing the control behavior of the language:

4.1. OBJECT CONTROL

Our presentation for the object control verb category is somewhat similar to the one proposed in
(Steedman & Baldridge, 2005) with two important differences: 1) Due to the structure of the language,
directionalities of the category are different, 2) In (Steedman & Baldridge, 2005), argument category of

15



the infinitival argument is given as (S,,\NP). Although it is not a wrong choice, we emphasized that NP
argument must have antecedent government because infinitival complement should not combine with
any NPs to maintain grammaticality. Also we clearly stated that infinitival complement must have the
head “om” by lexicalizing the argument:

(70) overbevise: Sinter/ (Sinﬁnitive {om}/N Pnom,+ANT)/N P acc/N P nom-=
AxAyAp.persuade’ (p(ana’y))yx

An infinitive clause is structured as an infinitive marker as head and a verb phrase with a missing
subject, and the subject is an antecedent. So category for the infinitive marker ‘aa’ is as follows:

(71) aa: (Sinﬁnitive/N Pnom,+ANT)/ (Sinter,inf/N Pnom,+ANT) = Aff
Note that the verb of the verb phrase taking place in infinitive clause should be unmarked (infinite), so

we force this constraint with category. However, for simplicity we will drop ‘inf’ feature from the S;y;
argument during the text. A very simple infinitive clause can be obtained as follows:

72
(72) aa like Gryd
(Sinfinite"{NPnom,+ANT)f(SinIer/NPnomﬁANT): Sintcr/NPacchPnum: NP: G}’-"'d,
Ap. AxAy. likes'yx
P-P 3 b T
Sinter\Ssub/NPacc:
A fGyrd’
< .HI‘II
Sintcr/NPnonl,+ANT: B&
Ax. likes'Gyrd'x
- >
Sinl’initi\'e‘f anum ,+ANT: ’b‘ likes ’GJ'Td x
Also note that antecedent government of ‘aa’ category also blocks some illegal infinitive clause parses
like the following:
3 %
(3) aa like Gryd Inge
(Sinﬁnilc"{NPnum.+.-\.\'l')‘{(sinlcrlNPmrm.+.-\\'l'): Sinler"{NPaquPmnm: NP: (_;)"J"d' NP: ‘J”g{)r
Ap.p AxAy.likes'yx
<T
Sinlcr\SsuIY’NPatc:
A fGyrd’
. <B,
sinlcr"{NPnnm.f-\\'l': ]
Ax. likes'Gyrd'x
ET T >

Sinter: likes'Gyrd'Inge

Backward cross composition is not allowed, since NPs are default -ANT.
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The head “om” does not make any change in the structure and functionality of the infinitival clause, so
we designed its category to reflect this behavior:

(74) om: Sinﬁnitive{om}/ Sinﬁnitive =Aff

Here we most note a hidden assumption done throughout the text that head of any infinitive clause is by
default ‘aa’, unless specified otherwise. This assumption is important since there are times when head
of the infinitival clause is vital to block unwanted combinations (as we will see).

Now we are ready to parse a basic sentence with object control:

75 .
@) Jeg overbeviste Giyrd om a bade Inge
NP: I Sinter!(Sintinitive fomy NP pam - AN NP NP s NP:Gd" Siapaisive fomySintinitivet Siatimie™NPaom At Sined NPaum st Sinted NP acd NP pon? NP: Inge’
AxdyAp. perswade(plana viyx Ap.p Aip.p Axdybathe'yvx T
» St S/ NPocg
Steet oS SINPY PP Af finge’
A - g,
N Sinter/NPoom,+anr? *
n . B - Axbathe Tnge's
Sueet/Siaiaitivetomy ™ P aom s ANV NP et -
Avip. perswade’{plana’y) )yl Sinfimitive™NPnom,sanrt A bathe'Inge's
- - — =B
» Sinninitivetom)™N P nam s axrs Avbarhe'inge’x
Saeer(Sinnnitive jom) NP gom,+ anke
Ap.persuade’(plama’Gyrd ) Gyed T

Sdectt
persuade’thathe’ Inge tana Gyrd ) Gyrd T

Note that heavy noun phrase shift is blocked, due to the fact that infinitival complement cannot type-

raise:
76 .
ve *JL'_I:‘, overbeviste om an bade Inge Giyrd
NP Sinter(Sinnimitive jom) NP nom, + ANDNP 2o NP oot Sinnianitive jom)Sinfinitive” Sinsinite™Pasm, + axtM Sinter NP gom, +ax1): Sintee/NPacc/NPoom? NP: Inge’ NFP: Gy
AvAvAp persuade (plana’y)lyx App Ap.p Avdy batheyx -
S
Sinter' St/ NPyect
Af finge’
B
Sinter/ NP om, s antt
Ax.bathe'Inge'’s
Sinfinithe™NPaom eyt A bathe'inge’ }
- =B
Sinfinitive jom) NP nam + antt Ax batheInge’x
A =T
Siater' Siater/(Sininitive o}/ NPaom eaxe))i A bathe Tnge’s
e - “B,
Sinterd NPace/NP 2 Avdy persuade thathe (Gyrd Yana yiyx
Here is one example with object topicalization:
an Gyrd overbeviste e om 5 bade Inge
NP: Gyrd' SinteSianiaitive fomt NP non s AT NP acd NP oot NP1 I Sioginisive tom Sintinitive Siatiaite™ P nom, s At i1 NP aomeanth Sinterd NP e NP g NP: Inge’
AvAyAp persuade'{piama’y) hyx Appr Appy AxAy. bathe'vx
o Sinter'Ssu
T o
St S/ SNFY T Hfinge’
AffGyrd® - - B "
- Siater™Poom s antt *
S‘ktl‘rislnﬂllli\e||m]m|’nnm,4.\\'llmpmn: . Ax.bathe'lnge's
4.4 . R — -
AxiAp. persuade’{plana Gyrd 1) Gyrd'x Statinitice/™Paom,eax? 25 barthe Tnge's
-B

SuectSininitive fom)/ ™ P om e axt) Sianinitive fom) NP non, + a1t A% bathe Inge's
Ap persuade{piana Gyrd ) Gyrd'T

Saect (Sintinicive jom)/ N P wom e axed: persuade (hathe Gyrd fana Gyrd ) Gyrd T
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To topicalize the whole infinitival complement, we must add a new topicalization rule as follows:

(78)

Norwegian Forward Infinitive Clause Extraposition Rule (>fxp-inf)

Sinﬁnitive/N Pnom,+ANT: Axfx > fxp-inf
Sdecl/ $1/ O(Sinter/ $1/ (Sinﬁnitive/N Pnom,+ANT)): ﬂggf

Semantic part of the rule may come weird, but the example below may show the necessity:

(79

om aa bade

Inge

overbeviste ez

Givrd

Sinter/ NP/ NP omi
Ay barhe'yx

Sintinitive tom) Sintinitive’ (Sintimite/™ Puom o A1/ Sinrer NP uom s an1k NP: Inge’

App Appy

Sinter Sinfinitive om3/N Prom,+ ANTVNP ace NPy
AxAyip persuade (prana’v)x

NP: Gyrd”

Simter S NPt

Af fTnge’

Sinter/Sinnmitive fom) NP nom + AT VNP et
Avap. perswade'(plana vl )yl

Siater NP apm,+ ax1?
Ax.bathe'Inge's

Sinninitive/ NP pom s s Av bathe Tnge's

Sintimitive fom}/ ™ Pnom +ants Avbathe Inge's

StectSio Sinter Sy Sintmnivive oy NP nam, s Aax0)): AL fhathe Gyrd"

Stater(Statinitive fom) NP aom s Ax1): Ap.persuade’(plana'Gyrd' i’

=fup-inf

8 geat persuade thathe Gyrd fana ' Gyrd') ) Gyrd T

Since missing subject NP of the infinitival clause will be never found, AX argument should be handled
somehow. Following the fact that the semantic category of the control verb already provides a subject
for the infinitival clause not necessarily looking for a subject, what we need is to get rid of X argument

in the semantic.

Following examples illustrates how the model blocks the parses with extracted elements of the
infinitival complement. In the first two examples are blocked due to that infinitive marker takes a verb
phrase with only a subject argument, so incomplete verb phrases cannot combine with it. In the third
example, forward extraposition of infinitival complement does not work due to the head disagreement:
Head of the topicalized infinitival clause is “aa”, whereas the control verb looks for one with head
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om

(80)

om aa bade

overbeviste

Gyrd

Inge

Siate/ NP/ NPyt Sinterd (Sian

AvAy.bathe v

Sintinitive fom) Sinfinisive? (Sinfimite™ P oo+ AN Sinte NP uom + ax1):
Ap.p App

*RA

ot NP a4 ANTVNP 4o NP 0
ip.persuadeipiana'’vi )z

NP: Gyrd”

Sinter (Sinninitive tom) ™ P nom s ATV NPt

Avip persuade(plana vl

NP: fnge’

Sinter/ 15

(81)

* Inge overbeviste Jeg Gyrd om

ivetomy NP gom, +ant) Ap.persuade (plana Gyrd )yl

aa

bade

NPz Inge’ SineelSintinitive fom NP uom 4 ANDV/NPaed NPz NP2
Avdvip persuade'(plana’y) )yx

NP:Gyrd' 8

Sinter/Sintinitive fom}/ NProm, s ax1/ NPyt
Avap. persuade(piana'yv vl

Sinter Sinninitive fom) NP nom, +AnT) Ap.persuade (plana Gyrd') )yl

18

infinitive jom}

Ap.p

nfinitive’ (Sinfinite NP nom s AND SinteNPoom, s ant):

Ap.p

P—

Sinter/ NP/ NPoom?

AxvAv.bathe'vx




(82)

“aa bade Inge tror *E at Gyrd overbeviste N man am
(Sinniaite ™ Pasm, s AT Simter NP pem s an1E St NP ueef NP ot NP: finge’ Srnterl St Pt NPiT ol Boati NP Il Stated Gratimiti ot ™ Paoen s ANV NP o NP et NP tan’ Siatainivs o) Sifaitine?
App Axdy.batheix Axas think's ALY Axdydp. persuade’iplanayhiye App
=T - - -= = — —— —imleetaaub
Siarer S NPyt SinterlgSouti A5 think'sl” St/ Simtivng ot NP o« 4N NP g
A flage’ Axdydp persuade {plana vy
B Suas/Siatinitive fom) ™ s, o ANTFNP o NP oy
Sintee NP o+ 4377 i perstiade fpiana vy Gyrd*
Ax bache Tnge's B
Siutinitine™N P aam s oxrt A5 benthe lnge’s i elpfana vy Gyrd”

= fyp-inf - T -

Sinnith e ™ o, 5t A ghathe fnge” S Sinwsaive romy NP uom. e 411

Ap. perswade (plana‘man’} i Gyrd"

Siter | Siatimitive tomy ™ P aorm, o o1

Ap-thiwk{perstde e man ) man Gyed )

Siect

Note that if the infinitival complement is complete, last example can be parsed correctly as can be seen
in (82). This example shows that current model can successfully predicts the long distance
topicalization of infinitical complement, without needing any extra forward extraposition rules to apply
to subordinating verbs, like (25) and (48):

i83)
om aa bade Inge tror e al Gyrd overbeviste o man
Siatistine et Statinitive’ (Statmiee™ P s a5tV Snter P a1l Stased NP ac NPt NP: Inge” Statery e Focmi NP: T Sl Suasi NP GIrd Sssce Sintaitve o)™ Pacen,s ANVNPacdNPmsi NP2 mian’
App ipp iy barheyx Axds ik ALY Ay Ap, persuade (plana vy
TS BNl T StanelSrast A ikl i Svut Siatiitive jormt NP o AN NP s NP gt e
Afflnge’ Aedydp.persuade (plama 'y 1y
g -‘-.ﬂ-‘.,ﬁ._ui..|-l"-\'|'-—.'\\ll"“’_..\-“'._l
Sinter NP pomm, s 1515 * Aydp persuade{plana v yGynd®
Axbaothe'lnge’s ) F T - "
Siafinitie’™ oo« axtt Lt bathe Tge's Aydp. persuade (plana v yGyrd”
5aimitte o)™ P o, 7 % biathe Tge's " L L ——
fgeint Ay persuadetplana‘man’) man Gyrd"
St Sis St Si S ntimitive ey N P, s axt 1)t Al e G P TR >B
Ap vk persade pfame man ) e Gyl |7
S geapt thinek'persuadethenthe e fana'man' iman Gyed 1
Syntactic category for subject control verbs are no different from object control verbs, except the head
specification for infinitival complement. Semantic category, like semantic category of object control
verbs, is inspired from (Steedman & Baldridge, 2003):
(84)  overbevise: Sinter/(Sinfinitive/NPNOM 1 ANT)/NP e/ NProm:=
AXAYAp.promise’ (px)yx
Now the current state of our model enables us to predict all basic phenomena about subject control.
Below are showed basic sentences with three possible topicalization options:
(85)
Jeg lovie Gyrd aa bade Inge
NP: P Siner/ (Sinnnitive/ NP aom s ANTVNPace/ NP oot NP2 Gyrd” (Siutinine™P noms ANTV Sinter/ NP gom s ant): Ap.p Sinter/ NP o/ NP ot NP: Inge’
Ax Ay Ap.promise (pxyx AvAy.bathe yx
— . > Swer St NPyt ¥
Saect/(Sintinitive NP nom e AN NP et Affinge’
Avdp.promiseplivl’
- g, ant
Sect/(Sinfinitive/ NP nom+ A1) Sinter/ NP yamsant: Av.batheinge's *
Ap.promise(pl)Gyrd T
Sinfinitive/ NPasmeant: Ax.bathe lige’s .
>

Saect: promisebathe nge Gyrd T
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(86)
Giyrd
NP: Gvrd”

lovie Jeg
Sinter/(Sininitive/NPuom + ANTWNP 1o/ NPyt NP2
———————— > fxp-np  AvAvippromise’ipxlyx
Saect/S1o(Sinter/SiNPace):

AffGvrd®

aa
(Sinfinite NP nan s A5 TV (Sinter/ NPy axt): A0

bade Inge

Sinter/ NP aee/NP ot NP: fnge’
Avdv.bathe’vx

R
Simter' SsubNPacct
Af fInge’
Sinter! NP o antt Avbathelnge’s
>
Sinnnitive NP o s antt Avbarhe fnge

>
Simter (Sinnnitive NP gom A TVNP 2 Avidp promise{plivl’

>
Sacet/ (Sintinitive/ NP pams ant): Ap.promisepliGvrd T

cB‘unl

Seer: promise (hathe Tge TIGyrd'l

(87) an bade Inge tror jeg at Civrd lovie ©n man
(Sinimite/ NP o ANV Simier NP oo ANV Siaer/ NP NPy NP2 fnge’ SiaterlgSut/NPuswi NP2 I SafSurt NP G Siniee/ (Siannitive NPuan e AT/ NPace/NPam: NP3 man”
Ap.p Avdy.batieyx T Av s thinksx A AvAvip promise {priye
Simter'Syut/ NP gt St/ (Sintiaitive NP uoan 1)/ NP s \NF it
Affinge' AvAvip.promisepriyx
Sinter NP pam e ant? Avbathenge s

StmterlgSeuts As.think'sl"

i fo-sulb

g

. Suat/ (Sinsinitive NP nom s ATV NP et
Siatiaitive NP oo gy A bathe Tnge's Avdp.promisepGyrd vGyrd’

- - - = Ixpeinl
Siteet/ S0 (Sinser S/ (Siamnitive/ NP uom s ane)): Aggibathetnge’)

S, b/ Sintinitive NP s ant)? Ap.promise (plyrd inanGyrd®

'sutl Sintntne NP asmsax): 27 promise (pGyrdmanGyrd "

=B
Sinser Siasnitive NP aom s ant)t Ap.think ipromise pGyrd imanCGyrd W
=B
Sygect think {promise thathe Tnge Gyrd iman Gyrd )11

As in subject control, constraint on the heavy noun phrase shift of arguments can be predicted via non-
availability of type-raising for infinitive clause:

(88)
*leg lovte aa bade Inge Gyrd
NP: ' Sinter/Sinfinitie NP aoma ANTVNP oo/ NPt Siainite™NProm s ANT (Sinter NP aams ANt AP0 Sjpier/ NP o/ NPyt NP: fnge' NP: Gyrd'
Avdvdp promise‘{pxjvx Avdv.batheyx
>

Saeet!(Sinnnitive NP noms ant)/NP et Sinlrr‘_‘s.a;ler !'ucr:
Avdp.promiseplivl' Afflnge g
Sinter/ NP pomant: Av.barhe Tnge'’y X
Sintinitive/NPuomsant Av.batheInge’

=T

*
Sinter Sinter (Sinfinitive NP nomosant): promise'thathe Inge liGyrd <T

Islandhood of the infinitival complement is provided like in (80) and (81)

(89)

* aa bade lovte jeg Gyrd Inge
(Sinfinite/ NP uom e ANTY Sinter/ NP pomsant)t Sinter/NPace/ NPromt  Sinter/(Singi nitive/ NP uom s ANTVNP 4o o NP oot NP2 /Y NP: Gyrd'
Ap.p AxAv.bathe'vx AxAyAp.promise(pxyx

NP: Inge’

o e dede

(90)
*Inge lovte jeg Gyrd aa bade

NP: Inge’ Sinter/(Sinfinitive/ NProm ANtV NP oo /NP ot NP2 /" NP Gyrd' Sininite/NP nom s aNT (Sinter/ NP rom,+ an1): Sinter/NP e/ NP o
AvAvAp.promise'(pxyx

Ap.p Acdy.bathevx

LR 2
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5. COORDINATION

5.1. COORDINATE STRUCTURE CONSTRAINT

5.2. NODE RAISING

5.3. GAPPING

Verb gapping behavior of the Norwegian language clearly shows two characteristics:

1. There is no backward verb gapping
2. Ifthere is forward verb gapping, in order for sentence to be grammatical ungapped conjunct
must obey V2 constraint

Since our model generates only VSO-+topicalization and SVO verb orders, this result is not surprising.
Following (Steedman, 2000), we have used decomposition rules to analyze gapping in main clauses
verb-medial appearance of main clauses make a node raising analysis impossible. A sample parse can
be seen as follows:

91) Jeg vasket  eplet og Mary appelsinen
I washed apple. THE and Mary orange. THE
‘I washed the apple and Mary (washed) the orange’

e vasket eplet og Mary appelsinen
N v . i B ordor? 2 NP: Mary' NP: Orange’
NP/ St NPucdNPoous  NPicpler’  XLX\X: - N
Avivwashie Apdg.and'ipg) - ——<T —_— T
- . SINPUS/INPINP): AL Mary S\S/NP: AffOrange’
' B
> fxp-np SVS/NP/NP): AffOrange' Mary'

SaecatNPucdoSinte NP NP o) AL

Saea NPt Avowash'vl

=

Sgeqrs wash'applel

<deomp
S/NPINP: @'(wash'apple'I') Saca (SINPINP): Avowashapple'l”

S e (SINPINPY: Af and (fOrange’Mary') fwash'apple'l'’)

Sgeas and'twash Ovange Mary') fwash 'apple'l’)

(92) Eplet  vasket jeg og Mary appelsinen
apple. THE washed [ and Mary orange. THE
‘I washed the apple and Mary (washed) the orange’

We can see that this is natural when we look at the parse of this sentence:
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(93)

ephet vasket jeg og Mary appelsinen
NE: gple Sinter/NPuc/NPogpt  NPooi I X/.XLX: NP: Mary* NP: Orange
Axdywash'y sipdg.andipg) ———<T —_——
SINPYS/NP/INP): Af fMary' S\S/NP: Af fOrange’
. — fxp-np = g T T 2 R .
Saeat’o(Sinter NP o)t Al fapple” Sinter/NPocet SUS/NP/NP): Af fOrange'Mary

Avwash'yl’

Sgeert washapple'l’

S/NP/NP: '(wash'appk'l') Suea (SINPINP): Avowash'apple'l’
- <(p=
Sgec (SINPINP): Afand'(fOrange'Mary') fwash'apple'l’)

Sgeqs and (wash Crange Mary')fwash apple'l’)

Since what defines the subjectness and objectness of the arguments in the gapped conjunct is their type
raisings and combination, it does not change with the changes in the gapped conjunct. In fact, looking at
derivations we can see that the only way that “A B” produce an argument cluster is A’s being subject
and B’s being object. Following sentence approve this result:

(94) Jeg vasket  eplet og appelsinen Mary
I washed apple. THE and orange. THE Mary
‘I washed the apple and orange (washed) Mary’

Native speakers unambiguously interpretes the sentence this way, although they find it quite strange
(possibly because of the violation of animacy constraint). However, CCG model correctly predicts this:

(95)
jeg vasket eplet og appelsinen Mary
NPyt I’ Sinter NP/ NP ot NP: eplet’ XXX NP: Orange’ NP: Mary'
Axdywash'y sipdg.andipg) T .
SINPUS/NP/INP): Af fOrange’ S\S/NP: Af fMary’
fxp-np = = - <
Saed/NPuco(Sinter/NPoce NP oo ): AL SUS/NPINP): AfMary'Orange’
-
SaeaNP o Avowash 'yl
>
S et wash'applel
<deomp
SINP/NP: @' (wash'apple'l') Saea (SINPINP): Avowash'apple'l”

S e (SINPINP): Af and {(Mary'Orange’) fwash'apple'l’)

Sgeatt and'twash Mary'Orange’) fwash 'apple'l’)

As stated, if ungapped conjunct is not V2, sentence is invalid. This is also an expected result, since the
ungapped conjunct cannot combine into an S, to later decompose

That backward verb gapping is ungrammatical in Norwegian is as expected either, since only verb
orders in Norwegian are VSO and SVO. Since neither is verb final, using forward decomposition rule,
together with clustering of gapped left conjunct into a category looking for a verb taking all its
arguments to the left (which is illustrated in (96)) will fail “by the restrictions on type-raising to raising
to parametrically licensed categories permitted by Type Transparency” (Steedman, 2000).
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(26)

* Mary appelsinen 2 g vasket eplet
NP: Many’ NP: Orange’ XLXLX: NPyt I’ Sinter NP NP NP: epler’
sipig.and'ipg) Axdy wash'ix

- . =T =T
SHSINP): AfMary" (SINPMSINPINP): Af fOrange’

fxp-np

N SaectNPacco(SinterNPace NP ou): AL
>

SASWPNP): AffOrange Mary' ) K ]
. Sgea NPt Avowashvl”

>
Sygeat wash'applel”

=deomp
Saea/(SWPNP): AvwashappleT" SINPINP: @' (wash'appk'l'y

<D=
Sacd USINPINP): Afand (fOrange Mary') fwash'appleT')

Sgeatt and'twash'Orange Mary'pwash'apple'l)

Note that Norwegian behaves differently from Dutch and German (which are very close to Norwegian),
since SOV verb order of subordinate clauses of Dutch and German enables the parametrical licensing of
S/(S\NP\NP)
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