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Abstract

This paper is a contribution to the study of linguistic inference in the
context of a logic of structured resources. We investigate a structural
parameter of adjacency and its interaction with the parameters of linear
precedence, dominance and dependency. The theoretical framework is a
multimodal logic of categorial type inference — a logic where families of
residuated multiplicatives live together. The communication between mul-
tiplicatives is implemented semantically via frame conditions linking the
distinct accessibility relations interpreting the multiplicative connectives.
Proof-theoretically, the frame conditions find expression in terms of Inclu-
sion Axioms and Interaction Axioms. The multimodal logic of is applied to
linguistic phenomena of verb-raising, adverb placement, and extraposition
— non-adjacent modes of combination which are analysed here in terms of
head attraction and head adjunction.

1 Multimodal grammatical inference

Classical systems of grammatical deduction — familiar as the non-associative

Lambek calculus NL, its associative counterpart L, and the associative, com-
mutative Lambek-Van Benthem system LP — are based on a binary structure-
building product operator (represented by the sequent comma in Gentzen style
presentations), with a matching product connective ‘o’ in the type language to-
gether with its left and right residuals ¢/’ and ‘\’. These classical systems are
differentiated by the presence or absence of structural rules characterizing the
product operator as associative and/or commutative.

From the classical perspective, structural rules are a global option, either al-
ways available or never. But natural languages display a characteristic control of
structural resources beyond the reach of this global strategy. Systems of multi-
modal grammatical inference provide a setting in which some of the subtleties of
linguistic composition can be addressed from a logical perspective.




Multimodal systems contain a multiplicity of co-existing structure-building prod-
uct operators — a possibility anticipated in the logical literature by Dunn (10},
by Belnap’s ‘Display Logic’ [3], and recently exploited. in Girard’s [11] ‘Logique
Universelle’. Corresponding to each structural product connective is a logical
product connective (type-constructor) with its left and right residuals.. In ad-
dition to this uniform approach to the individual products and their associated
implications, there may be non-trivial properties relating the properties of two or
more products. In Kripke frame semantics for these systems, such relations take
the form of linking principles (or correlation postulates) involving the ternary ac-
cessibility relations interpreting the different products in question. In postulate
presentations, the correlation principles are realized as axiom schemata relating
the type-constructors corresponding to the underlying product operations. In
sequent presentations, these axiom schemata are recast as structural rules so as
to allow cut-free proof search. '

In this paper we consider how the multimodal perspective applies to the struc-
tural parameter of adjacency, and to the interaction of this parameter with the
parameters of linear precedence, dominance, and dependency. Our aim is to
address some linguistic questions first treated in the categorial literature in the
pioneering work of Emmon Bach [1, 2] — questions which in the GPSG/HPSG
tradition are dealt with by means of ID/LP statements, in the GB tradition by
extraposition and head adjunction rules. Our focus is on structures involving
semantic composition between configurations A and B, with A obligatorily pre-
ceding B, where in some cases we find that A must immediately precede B —
they form an adjacent configuration — while in other cases precedence is required,
but adjacency is not. After defining a multimodal framework appropriate to the
investigation of these properties, we apply the system to a variety of linguistic
problems beyond the reach of classical systems.

1.1 Substructural communication: model theory, proof
theory

The category formulae for multimodal type logic are defined inductively on the
basis of a set of category atoms A and a set of indices I as shown below. We'll
refer to the ¢ € I as resource management modes, or modes for short.

F o= A | FhtF | FouoF | FuF

The semantics for this type language is a straightforward generalisation of ternary

frame semantics for the standard systems (cf. {8] where completeness and decid-

ability results are discussed). The ingredients of the multimodal approach can

be summarized as follows.

(i) Rather than interpret multiplicative type-constructors in terms of one privi-
- leged notion of linguistic composition, we throw different forms of linguistic com-
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position together and interpret in multimodal ternary frames (W, (R;)ies), where
the ‘worlds’ W are to be seen as the linguistic resources, and where the accesi-
bility relations R; model-the relevant notions of linguistic composition. (Think
of R;zyz as ‘putting together resources ¢ and y in mode 7 yields 2’.) A valuation
on a ternary frame (W, ( R;);cr) consists of a map F — P(W) which respects the
structure of the complex types in the following way, for each of the modes i € I:

v(Ao; B) = {z|3eJy[Rizyz & z € v(A) & y € v(B)]}
v(C/:B) {z VyVz[(Rizyz & y € v(B)) = z € v(C)]}
v(A\;C) {y VaVz[(Rizyz & = € v(A)) = z € v(C)]}

(ii) The resource management properties of the individual R; are obtained by
imposing frame conditions (‘constraints’) which restrict the possible interpre-
tations of the R;. For example, let o. be a commutative product, then in
the semantics the R. interpreting this connective will be constrained to satisfy
(Vz,y,z € W)R.zyz = R.yzz.

(iii) Communication between different modes of composition o; and o; is obtained
by further frame conditions linking R; and R;. Following the logical tradition,
we call these correlation postulates. Two forms of correlation will be prominent
in this paper:

— ordering of the accesibility relations R; in terms of the information they provide
about the structure of the linguistic resources. In terms of frame conditions (for
R; more informative than R;) this means (Vz,y,z € W)Rizyz = R;zyz. (For
example, since the non-commutative product e is more informative than the
commutative product ®, we’d have the constraint: (Vz,y,z)R.2zyz = Rgzyz.)
Corresponding to this form of correlation, there will be Inclusion Axioms in the
logic.

- correlation postulates ‘mixing’ distinct R; (for example: mixed associativity or
commutativity laws). This form of correlation is expressed in the logic in terms
of Interaction Axioms. They form our main concern in §3 and §4.

We can present the type logic in a variety of ways. In an axiomatic presenta-
tion, each product o; is systematically connected to corresponding implication
operators by residuation laws of the (schematic) form:

A—C/iB iff Ao;B—C iff B—s A\C

In sequent presentation, we follow Belnap [3] in making a distinction between
logical connectives (i.e. the type constructors, taking types into types) and struc-
tural connectives (taking structures into structures). Each residuated family of
multiplicatives {/;, 0;, \;} has a matching structural connective, or sequent punc-
tuation (-,-)’. Antecedent terms are inductively defined as 7 :=F | (T, 7). A
sequent is a pair (7, F), which we write as T = F. Axiom, Cut and the logical




rules are uniform. Logical rules insist that use and proof of connectives respect
the resource management modes.

A AlA]=C .
] [
ey Al=C  owl

(0,Bf=>A4 T=B Al4=>C,
R e 325 afaiB s o L

(BI))=4 TI'=sB Ad=0,
A = 19 SN AW ) R LAY

1 Tl(ABf]=C TI'=A A=sB
[Lo:] I'Ao; Bl = C (I,A) = Ao; B. [Rog}

In addition to the residuation inferences which are shared by all resource man-
agement modes, there are mode-specific structural options. In axiomatic style,
they take the form of structural azioms; in sequent presentation, there is corre-
sponding structural rules. As an illustration, see the structural axioms/rules for
the commutative mode ¢ for which we gave the corresponding frame condition
above:

L[(A2,A:)]= 4,
I[(A, Ay )= A

Multimodal communication follows the same general agenda model-theoretically
and proof-theoretically: for a correlation postulate linking R;, R; in the semantics,
we find, in the deductive presentation, an axiom schema capturing the restriction
on the models, and in the Gentzen presentation a corresponding structural rule.
As an illustration, suppose again we have products o,,o, (non-associative vs
associative composition) interpreted by the accessibility relations R., R, with
R, more informative than R,, i.e. R, C R,. The correlation is expressed by the

Inclusion Axiom (deductive presentation) or Rule (sequent style) below.
o Vil e wavy

(A AP = A
[(AA)] = A4

Ao, B+ Bo. A Comm]

Ao, B - Ao, B T

. \UTW T
The classical systems LN, LNP, L, and LP already provide examples of dis-
tinct, but compatible, families of structural products and their corresponding
type-constructors. In the multimodal setting, we can put these different systems
together, and reason about mixed configurations. The linking principles regu-
lating the communication take the form of loss of information, moving from the
non-associative to the associative mode, or from the non-commutative to the com-
mutative mode. For what is to follow, it is important to realize that the classical
options do not exhaust the range of possible products in the multimodal setting.
We rely below on ‘dependency types’, introduced and developed by Moortgat
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& Morrill [18], which are based on the left-headed structural product (-,-)! and
the right-headed product (:,-)". The dependency dimension introduces an asym-
"metry (the opposition between heads and dependents) which is orthogonal to
the function/argument asymmetry. The product and residuation properties of
the corresponding asymmetrical type-constructors—the families {/,, o,,\,} and
{/1, 01, \1}—follow the general principles laid out above. One obvious linking
principle ‘forgets’ the head/non-head distinction.’

We shall shortly turn to a more detailed examination of another structural pa-
rameter: adjacency. Before taking up this question in detail, however, we extend
the basic type system in another direction—sensitivity to prosodic sorting.

1.2 Refinement: sortal decoration

So far we have been discussing types with respect to their resource management
properties. The resource management component is just one dimension of the
linguistic resources. In general, we want to be able to associate types with infor-
mation of different kinds — for example, information relating to morphophono-
logical or prosodic properties of the linguistic resources. In order to make the
type language expressive enough to take these extra dimensions into account we
move to a labelled type system. In the extreme case, one might imagine incor-
porating a complete description of the prosodic or morphophonological structure
of an expression or its arguments. This suggests the possibility that type-driven
composition could be sensitive to arbitrarily fine prosodic or morphophonological
detail. It is worthwhile to investigate the expressive power that can be achieved
on the basis of a simple system of labels.

Labelled types are obtained from the old unlabelled types by decorating every
subtype with a label, which we will write as a subscript. The labelled type
formulae are then defined on the basis of our old set of type atoms A and a set

of labels S as follows.
fﬁ o= .As l (.7:[: /1 fﬁ)s I (fﬁ or fﬁ)s l (.7:[: \I .7‘-[:)5

The labeling system used in the present paper will be extremely simple. We think
of the labels as providing information about the prosodic sort of the linguistic
resources, so that we can make a distinction between, say, resources of ‘lexical’
sort and resources of ‘phrasal’ sort. The prosodic sort labeling makes it possible
to express morphophonological constraints on the operands and the result of the

Interactions with associativity and commutativity parameters are more complex and pose
non-trivial choices. To illustrate, a commutative product can be regarded as ‘headed’ in two
distinct ways: the ‘head’ might be associated with a specific element of the pair; or it might be
associated with a specific property of the pair, e.g. the rightmost of the two. These two modes
of linking offer new type-theoretic models of empirical linguistic phenomena. A more complete
exploration of the space of structural products can be found in Moortgat & Oehrle [19)].



multiplicative operations, so that one can distinguish, for example, composition at
the lexical level (‘word formation’) from composition at the phrasal level (‘syntax’
proper). In line with the work on typed feature structures within the framework of
HPSG, we assume the prosodic sorts to be structured as an inheritance hierarchy
(5,C). We follow the practice of [6] and write a C b for a,b € S if b inherits from
a, i.e. a is more general than (subsumes) b, or b is more specific than a.

The move to a labeled type system requires some adjustments in the model theory
and proof rules. In the semantics, we replace our monodimensional models where
formulae are evaluated at a resource point w € W, by two-dimensional models
with evaluation at pairs (w,s) where s is a prosodic sort.? The semantics is set
up in such a way that in a deductive presentation of the labeled type logic, the
logical axiom schema and the residuation inferences take the following form.3

Aa———>Aal zf a'l;a

As — (Ce/Bb)a iff (Aao Bp)e— C. iff By —» (Aa\C.)s

Note that on this account, the relations among different sorts depends on prop-
erties of the model: the type system itself, for example, does not determine that
the sort of the product of two sorted types of sorts a; and a; subsume both q,
and a,.

Likewise, in the sequent presentation we move to labelled sequents (A, 4), also
written as A = A, with A € 7 and A € FL, where labelled antecendent terms
are defined as usual: 7 ::= FL | (T,7)% In accordance with the sort inheri-
tance hierarchy, we allow replacement of antecedent subterms by less informative
subterms, in the following sense:

I[(A1, Az)a] = By JCa
F[(Al, Az)a] = B -

The labelled version of the logical rules is straightforward. We give the product
rules, and leave the residual implications to the reader.

I'[(Aq, Bb)e) = Cy =>4, A= B
A oBY] =, o)k (T,A). = (A, 0 By).

R(-o ).

We close this section with a very simple illustration of how one can keep word-
formation and syntax apart by making the type assignment sort-sensitive. Com-
pare the adjectival modifier very and the prefix un-. In the dimension of syn-
tax/semantics, both qualify as functors taking adjectives into adjectives, i.e. we

?We cannot fully work out the details of such two-dimensional interpretation in the present
paper. The interested reader is referred to [15].

3We omit the resource management mode indices, so that the reader can concentrate on the
flow of information wrt the sort specifications. '




can assign them the type a/a. Such an assignment is not fine-grained enough
to capture the distinction between the grammatical phrase very unhappy and
the ungrammatical un- very happy where phrasal and lexical composition do not
properly interact. To take into account the morphophonological dimension, we
move to the sorted typing shown below. The sort labeling characterizes very as a
syntactic word, taking phrasal expressions into phrasal expressions, whereas un-
is typed as an affix, taking lexical expressions into lexical expressions.

un := (aw/aw)afyx = Very := (aph/aph)w

We also assume ph C w in the sort order, expressing the fact that a syntac-
tic word can do duty as a phrasal expression, but not vice versa. Given the
sort-decorated types, the expression very unhappy is derivable. The attempt to
derive the ungrammatical un- very happy fails because of-a violation of the sort
constraints. As soon as very has combined with happy, the result is of phrasal
sort, which is in conflict with the lexical sort required by the affix un. Below is
a (natural deduction style) derivation of the well-formed case.

_——un happy
very (aW/aW)afﬁx w
Y aw
W shC
(aph/aph)w aph ]I;h Lw

aph

2 The adjacency parameter

The connectives discussed in the previous section have a common characteristic:
linguistic composition is defined only for adjacent configurations. In Combinatory
Categorial Grammar [23, 25], adjacency is taken to be a defining characteristic
of categorial composition — the so-called ‘Adjacency Principle’. From the multi-
modal perspective, however, it is more natural to regard adjacency as a parameter
of resource structuring. We adopt this perspective here and investigate variants of
the multiplicatives where adjacency is not a necessary condition for composition.
Schematically, we will then face one of the following situations:

(*) (C[A1], Az) ~ T[(A1,A2)] (k%) T[(A1,A2)] ~ (T[A4], Ay)

On the lefthand side of ‘~»’ we represent the actual structures we encounter, on
the righthand side the structural alternative that is required for the logical rules
to be applicable. In the case of (x) the configuration A, is put together with
I' whereas in fact it should enter into composition with a subconfiguration A,
of I'. The () case is symmetric: T' here contains a subconfiguration (A;, A,)
whereas A, in fact requires linguistic composition with I'[A;]. In the remainder



of the paper we investigate a number of situations of non-adjacent composition
which are sensitive to the dependency structure of the linguistic resources. In
that setting, () could represent the case of a dependent A; attracted by the head
A;, whereas (%%) would be the case of a configuration A, adjoining itself to the
head A; of the configuration over which it has scope.

The core of our analysis of non-adjacent composition will be a set of interac-
tion principles regulating the communication between the adjacent and the non-
adjacent modes. In an axiomatic presentation of the logic, the communication
will be captured by Interaction Axioms of Mixed Associativity and Mixed Com-
mutativity.

Azl: (Ao;B)o;C +— (Ao;C)o; B : Azl
Az2: (Ao;B)o;C +— Ao;(Bo;C) : Az

The j-mode here generically represents the non-adjacent mode of composition,
the i-mode adjacent dependency composition (e.g. left or right headed structur-
ing). Specific cases will be obtained by instantiating the generic ¢ and j modes
by concrete type constructors.

The axiom schemata Ax1/Ax2, Ax1’/Ax2’ correspond to frame conditions re-
stricting the allowable models, cf. F1/F2, F1'/F2’ below (Veyzuv € W):

F1: (Rizyz & Rjzuv) = 3t(R;zut & Rityv)
F2: (Rizyz & R;zuwv) = Jt(Ryut & Riztv)
F1': (Rjzyz & Rizuv) = Jt(Rizut & Rjtyv)
F2': (R;zyz & Riuzv) = Jt(Ruzt & Rityv)

In sequent presentation, we recast the axiom schemata in the usual structural rule
format. The structural rules below represent the situation where a dependent
configuration Aj is attracted from the left by a head.

T[((A1, As), Az)] = A LAy, (Az, As))] = A
LI((A1, A2), As)] = A T[((A, Az), Ag)] = A

R2

Depending on whether the target head is a subconfiguration of A; or A,, Mixed
Commutativity (R1) or Mixed Associativity (R2) will be applicable. Symmetric
cases for attraction from the right can be added. The situation for head adjunc-
tion is dual: structural rules are obtained by switching premise and conclusion
around. _
L[((A1, Az), Aa)’] = A T[((A1, Ag), Ag)'] = A

( R1
T[((A1, As), Az)] = A T[(A, (A5, Ag))] = A

R2’

Linguistic applications. The linguistic applications we will consider in §3 and
§4 below are (1) verb raising in Dutch and German and its interaction with adverb
placement, and (ii) some cases of extraposition in English.
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Under (i) we consider cases such as

.(dat je) soms je boeken thuis kan laten

that one sometimes one’s books at-home may leave
(dat je) je boeken soms thuis kan laten
*(dat je) je boeken thuis soms kan laten

We treat both adverb placement and verb-cluster formation as cases of head ad-
junction. Following the lead of Dowty [9], we will distinguish distinct degrees of
coherence of structural units within the verb phrase, using the sortal machinery
developed in the previous section: the combination thuis laten is penetrable for
the verb raising trigger kan, but it is not for the adverb soms. The head adjunc-
tion approach naturally accounts for the scoping relations between adverbials and
verb-raising triggers, improving on earlier proposals to treat verb raising in terms
of ‘lexical rules’.

Under (ii) we offer an account for cases such as

a book appeared about linear logic
an easy book to read

The first of these cases, we regard as head attraction, by the head book. We exploit
somewhat different characteristics of the multimodal perspective to account for -
the discontinuity of the adjective easy and its complement phrase, motivated not
Just by this particular case, but by the typology of English noun modification.

3 Head wrapping

We start our analysis of non-adjacent forms of linguistic composition with an
account of head-wrapping — the (xx) case. We first draw the map of the ‘log-
ical space’ for head-wrapping operations in general terms. Then we illustrate
head-wrapping with verb-raising in Dutch and German, showing how the gen-
eral framework naturally accomodates the parametric variation between these
languages.

The account of head wrapping to be presented here explores the options for struc-
turing the linguistic resources we already saw in the dependency system: the head
wrapping operations indeed turn out to differ from the dependency family only in
the structural parameter of adjacency. Just as we distinguished a left and a right
headed form of concatenation (A o; B versus A o, B), with four matching impli-
cations, we will now distinguish left and right dominant forms of head wrapping.
Whereas the dependency products consist of the concatenation of an A resource
(the prefix) and a B resource (the suffix), the head-wrapping products are com-
binations of an infiz and a circumfiz (or host): the infix syntactically adjoins
itself to the head of the host circumfix. The structural parameters of precedence
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and dependency offer four ways of rea,h'sihg the head adjunction: the infix can go
before or after the head of the host, and it can adjoin either as a head (in which
case the infix determines the head of the resulting combination) or as a depen-
dent (in which case the host determines the head of the resulting combination).
Together these options give rise to four head wrapping products, each determin-
ing two residual implications. We will use mnemonic labels o, 04, Op, 0rd, With
| (r) indicating that the left (right) subtype is the infix, and h (d) that the infix
(circumfix) determines the head of the combination. See the schema below (with
A the infix subtype, B the circumfix):

AO[},B AOMB

Bo,gA|Bo, A

In the communication between the dependency and the head-wrapping system,
we can distinguish base cases and recursive cases. The BASE CASES tell us un-
der what conditions head-wrapping reduces to simple dependency adjunction.
We assume that the dependency adjunctions represent ‘concrete’ configurations
(structure which is phonetically interpretable), whereas the wrapping configu-
rations represent ‘abstract’ steps in the process of grammatical inference. On
the level of resource management, the base cases are handled in terms of in-
clusion axioms/frame conditions relating the family {o, 014, 0sh, 0ra} to {or, 0.}
On the prosodic level, the applicability of the base cases is dependent on sor-
tal information, with different sortal constraints characterizing distinct types of
head adjunction. The RECURSIVE CASES establish the communication between
head-wrapping and dependency operators in terms of mixed Associativity and
Commutativity laws allowing the head-wrapping infix to ‘travel’ along the head-
projection until it reaches the landing site characterized by the base cases.

Head wrapping: postulates, structural rules. Let us see what has to be
added to the residuation inferences of our multimodal type logic to handle head
wrapping. We first concentrate on resource management. In our discussion of
specific linguistic phenomena we introduce the sortal finestructure to appropri-
ately characterize the base cases of the recursion.

In a deductive presentation of the type logic, head wrapping requires the Inclusion
Axioms A1/A1’ and A2/A2’, and Interaction Axioms A3, A4, A5, A6. The
Inclusion- Axioms will be constrained to specific prosodic sort information. The
Interaction Axioms preserve whatever sort information there is on the subtypes
involved. In the Interaction Axioms, lw (rw) stands for either lh or Id (rh or rd).

Al: AO(B-—"}AO",B Al AO,.B——)AOMB
A2': BojA-— BogA A2: Bo,A— Bog, A
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A3: (Aow B)o,C —s (Ao;C) o,y B
A4: Ao, (BownC)— (Ao, B)o,, C
A5: Ao, (BowC)— Boy, (Ao, C)
A6: (Aow B)oyC — Aoy, (BoC)

Recasting of the axiom schemata above in structural rules for sequent presenta-
tion follows the pattern that will be familiar by now.

T(A,AYM =0  [[(A,A)9] = C
I(A,A)]=C  T|(A,AY]=C &

!

LA, AV = C  T(AA)* = C

ria,ay = c 2 T@aaysc B2
P[(Asz (A1, Ag))™] = 4 I[(Ag, (Aq, Ag)' )] = 4
F[(Al, (Az, As)lw)r] = A F[((Al, Az)lw, A3)1] = A

F[((Al, Aa)l, A= A F[((Al, Ap)T, A3)"")] = A
L[((A1, Az)™, As)] = A Tl(Ay, (A2, As)™) ] = A

In Figure 1 we give a graphical representation of the Interaction Axioms/Rules.

Comm R/LW Ass L/LW

Comm L/RW Ass R/RW

Illustration: verb-raising, Dutch versus German

We can turn now to a concrete illustration, and compare the core cases of Dutch
and German verb raising clusters?:

(omdat hij) boeken wil kunnen lezen
(because he) books wants may read
(weil er) Bicher lesen dirfen will

(because he) books read may wants

On the descriptive level, the difference between the two languages can be char-
acterized as follows. Main verbs are typed as left-oriented head functors, in
German and Dutch. In both German and Dutch, the verb raising triggers are
head functors (i.e. the head-adjunction infix becomes the head of the configu-
ration it adjoins into); in Dutch the triggers are prefix functors, leading to the
crossed dependencies between verbs and their arguments; in German, the triggers
are suffixes to the host head.

As remarked above, the Inclusion Axioms which mark the end-point of the re-
cursive descent of a verb-raising trigger into the phrase over which it takes scope

*What follows is intended as an illustration of how the multimodal communication principles
work, not as an in-depth analysis of the many complexities of verb-raising phenomena!l
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Comm R/LW Ass L/LW

Conclusion Premise Conclusion Premise

A AT A A
ATALATTA

3

A AL AA
AOATA A

Conclusion Premise Conclusion Premaise

Ass R/RW Comm L/RW

3

Figure 1: Head-wrapping: Interaction Axioms/Rules

semantically are sensitive to the prosodic status of the elements combined. Con-
sider the following sort-decorated refinement of the Inclusion Axioms we saw
above.

Al (Ai (o} Bv)v — (Ai Olh Bv)ph

A2 (Av Op Bi)v — (Av Oph Bl)ph

In the prosodic sort hierarchy, we take sort v (for ‘verb cluster’) to be a supralex-
ical but subphrasal sort, i.e. ph C v C w. This place in the hierarchy makes it
possible for the verb cluster to contain multiple lexical verbs, as will be the case
when verb-raising is applied recursively. On the other hand, full phrasal comple-
ments are excluded (at least in standard Dutch). With sort i (for ‘infix’) we label
the verb-raising triggers. We can now paraphrase the sort-decorated version of
Inclusion Axioms Al, A2’ as follows: a verb cluster is a headed structure recur-
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sively built from a head-wrapping infix and a verb cluster (ultimately, the lexical
head); if we find a configuration meeting these sortal characteristics, it qualifies
as a phrase-level head-wrapping configuration' which has access to non-adjacent
modes of composition through the Interaction Axioms A3-AS6.

The lexical type assignments below implement what has been said so far.

boeken := np,; Biicher := np,,

wil = (vpph/iin fon); will := (i for\rhUPph);
kunnen := (infor/inin for): diirfen := (i1 for\ ratn fon )i
lezen := (nppr\+in foh )uw lesen := (npyr\rin for)w

We present the derivations schematically, leaving out sortal decoration, and omit-
ting the last step, where wrapping reduces to 51mp1e dependency adjunction,
under the appropriate sortal conditions.

R/LW R/LW
oy(om) vp/ipinf O vp/ininf om
vp/ipinf ot(oum) inf/ypinf oy
/ \ boeken/ \ kunnen
inf/q,inf np\,inf inf/ipinf np\,inf np np\,inf
kunnen lezen kunnen lezen boeken lezen

Figure 2: Verb-raising: Dutch

Our analysis of head wrapping can be compared with the initial categorial at-
tempts to deal with the crossed dependencies of Dutch in terms of so-called mized
composition rule schemata: variants of functional composition where the direc-
tionality of the functors does not harmonize (cf. [24]):

Bx: A/BeC\B-— C\A Bx': B/CeB\A— A/C

The combinator Bx is not valid as a theorem about the concatenation operators
‘/’, ‘\’. It is valid in LP, a type system with a global structural rule of Permu-
tation, where the distinction between ¢/’ and ‘\’ can no longer be made. But in
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R/RW R/RW
—

Orh
or(0rs) mf\,hvp Oph inf\spvp
Bilicher / \ / \ will / \ will
op(orn) inf\snvp np inf\,pinf
/ \ will  Biicher / \ / diirfen
np\rinf inf\,pinf np\,inf inf\ppinf np np\,inf
lesen diirfen lesen diirfen Biicher lesen

Figure 3: Verb-raising: German

that system, any directional variant of Bx which preserves the polarities of the
subtypes is valid. In order to single out just Bx and its symmetrical variant Bx’,
Steedman postulates two principles (Directional Consistency and Directional In-
heritance) which together ensure that in cases of ‘partial combination’ (functional
composition) the directionality requirements of the principal functor and of the
transmitted argument(s) are respected. In the account of head-wrapping pre-
sented here, the mixed composition laws are derivable as theorems involving the
head-wrapping and dependency implications. Also, the principles of Directional
Consistency and ‘Directional Inheritance follow from the logic of the types —
they do not have to be stipulated as postulates. Below is a derivation for mixed
composition as it occurs in the Dutch crossed dependency construction.

np = np inf = inf I\
(np,np\sinf =inf = vp=vp

- - Lw
rylh

(np, (vp/mminf, np\,inf)*)" = vp R\
(vp/wsinf, np\inf)® => np\;vp

Schematically, in ‘Geach’ version, we have the following valid type transition (and
the symmetric case):

A/wB = (C\+4)/1s(C\:B)

We close this section with some remarks about the interaction between verb
raising and adverb placement. As we saw above, verb phrase adverbials have a
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certain flexibility as to where they occur within the phrase they have in their
scope semantically. We repeat some typical examples. ‘

(dat je) snel je armen in de lucht moet gooien
that one quickly one’s arms in the air must throw
(dat je) je armen snel in de lucht moet gooien
*(dat je) je armen in de lucht snel moet gooien

We propose to account for this flexibility by treating adverbs not only as pre-
fixes to the VP, but also as head-wrapping infixes. They differ in two respects
from the verb-raising triggers we discussed above. First, on the level of resource
management, whereas the verb-raising triggers are heads with respect to the host
they infix into, adverbials will be typed as dependents with respect to the verb
phrase they modify. This is the difference between the implications /in and /4.
Secondly, on the prosodic level, we key the base cases for the Inclusion Axiom
for verb-raising triggers and adverbial infixes to different prosodic sorts:

(VR triggers) : (4; ot Bv)v — (45 o Bv)ph
(VP adverbs) : (A,qy o Byr)yr — (Aagy O Bv’)ph

Verb-raising triggers of sort i are adjoined to the verb-cluster level v. Adverbials
(sort adv) are adjoined at the sort level v, which is the sort we'll assign to
‘impenetrable’ phrasal verbal composites such as the combination in de lucht
gooien. Below we give the lexical type declarations, and the abbreviations used
in the schematic derivation.

moet : (vp/u,iv)i (
snel : (iV/zdiV)adv (
je armen: Pph (=CpLp)
wn de lucht : PPph (
gooien : (ppph\,tvv’)v (

. The end-sequent in the following partial derivation corresponds to the surface
rendering (dat je) je armen snel in de lucht moet gooien. We trace the Interaction
and Inclusion rules up to the point where the conditions for elimination of the
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logical connectives are met.

(4 (Badwr (Cphs (Dphy o)y Vo) = vP
(Az’( w (B ad’u’( ph’E"):;’)?h)rph)Zlh#vP
(44 ph’( adv (Dphs Bv)y )y dpp)pp, = vP
(D ph, v) :)2,
)

(Gph’ ( (B adv
(C
(

Cpho ( adv’(Dph’( E‘U)l;;h)
(Cph7 (Badw (Dph’ (43 E'U){v) ) )] h:>VP

It may be interesting to compare the head wrapping analysis with earlier pro-
posals to treat verb-raising in terms of a lezical rule of Disharmonic Composi-
tion/Division. The lexical rule analysis has been proposed as an alternative to
syntactic rule schemata Bx, Bx’. The addition of the latter to a calculus which
is order sensitive has the effect of destroying the order-sensitivity of the system:
schemata such as Bx, Bx' — invalid with respect to the interpretation of ‘/*,*\’
— make the logic degenerate into the permutation-closed type system LP (cf.
[16]). The collapse is the result of the free interaction of the invalid Bx, Bx’
with standard valid type transitions. This interaction rests on the fact that the
derivability relation is transitive. Pushing the effect of Bx, Bx’ back into the
lexicon would block free interaction with the otherwise valid type transitions in
the ‘syntactic’ module.®

A/B — C/D B\A — D\C
A/B — (E\C)/(E\D)) B\A— (D/E)\(C/E)

The recursive schemata above induce a form of lexical polymorphism: on the
basis of an intial type assignment (say, vp/inf, for a verb-raising trigger) an infi-
nite number of derived lexical assignments can be obtained via the disharmonic
division schemata. Derivation of a verb-raising construction, on this view, would
involve a ‘lexical’ stage of guessing the appropriate type-assignment for the verb-
raising triggers, followed by a ‘syntactic’ stage, where type inference obeys the
usual laws of the order-sensitive mode of inference, such as by L or one of its
relatives.

The major problem of the ‘lexical’ analysis is that it would lead one to expect
that verb-raising does not interact with syntax proper. But such interaction does

5The associated semantics is that of the Geach rule (functional composition):

t—u
t — Azdy.u(z(y))
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take place: the interplay of verb-raising and adverbial modification is a clear case
in point. Maintaining the ‘lexical’ analysis in the light of these facts would force
one to assume that adverbial modification.in itself is a ‘lexical’ process: adverbs
are added to the lexical type assignment via a recursive type-lifting rule schema.
This consequence has indeed been accepted by defenders of the ‘lexical’ analysis.
We think it leads to an unattractive demarcation between lexicon and syntax,
and an unrestrictive notion of ‘possible lexical rule’.® The head-wrapping analysis
proposed in this paper formulates a logic for the wrapping operators so that they
can freely participate in the process of grammatical inference.

4 Head attraction / complement postponement

We move now to a discussion of the (x) variety of non-adjacent composition: the
case where a configuration A is in construction with I'[A’] whereas in fact A forms
a unit with the subconfiguration A’. English displays a variety of constructions
involving communication between a head and a modifier or complement to its
right. We focus here on two cases: the interaction of nouns with complex mod-
ifiers, as in easy book to read and different person than Smith; and extraposition
from np, as in a paper appeared about the adjacency parameter. These discontinu-
ous constructions in English are sometimes optional, sometimes obligatory, under
conditions whose precise formulation poses a challenge to grammatical analysis.
In what follows, we address aspects of this challenge. And we argue that the mul-
timodal framework provides some explanatory insights into the basic properties
of these constructions.

4.1 Attributive adjectives and adjective phrases

We begin our discussion with attributive adjectives and adjective phrases, which
exhibit the behavior displayed below:

e angry rabbit / *rabbit angry / *angry rabbit at the world / rabbit angry
at the world

o cager rabbit / *rabbit eager / *eager to run rabbit / *eager rabbit to run
/ rabbit eager to run

o different rabbit / *rabbit different / *different than Bugs rabbit / different
rabbit than Bugs / rabbit different than Bugs

®Carpenter [5] shows that recursive lexical rule schemata of the type discussed here make
an otherwise restrictive system degenerate into a type-0 formalism.
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o happier rabbit / *rabbit happier / *happier than Bugs rabbit / happier
rabbit than Bugs / rabbit happier than Bugs

e easy technique / *technique easy / easy to use technique / easy technique
to use / technique easy to use

All of the adjectives here — angry, .eager, angry, different, happier, easy — occur
prenominally when they are uncomplemented. On these grounds, we provisionally
assign them the type n/.n. With complements, however, we see a richer array of
patterns.

The general pattern with pp-complements is illustrated by angry, which must
occur post-nominally when it is complemented. What is the nature of the adjec-
tive + pp combination? In predicative position, angry need not be adjacent to its
pp-complement. Along with ke was angry at the world all day (an instance of con-
nected complementation), we have he was angry all day at the world (where the
complement is extraposed). Similarly, we find extraposition of the complement
in wh-constructions such as how angry was he at the world. On these grounds,
we regard angry at the world as an instance of a configuration (-,-)!* — ‘la’ for
‘left attraction’ — that does not demand string adjacency. This configuration
communicates with left- and right-headed structures according to the postulates
below. In these postulates, we use L- to denote the binary, left-headed product
which is right associative: that is, where oy is any headed product, it satisfies

(Ao (BopC)) — ((Ao. B) 0. C)

The distinction between (-,-)* and non-associative (-,-)! plays an important role
in our account of extraposition: the lack of a counterpart for the non-associative
product to the rule Ass L - /LA blocks recursion déwn the right branch of any
non-associative structure and thus yields a variety of empirical consequences,
including the Right Roof constraint on extraposition from np.

Comm L-/LA: ((Ao. B)ow, C) — ((Aow C)or B)
Comm R/LA: ((Ao, B) o C) — ((Aoi C) o, B)
Ass L-/[LA: ((Aon. B) o, C) — (Ao (B o, C))

In the sequent presentation, these take the forms:

T[((A1, As)'e, Ag)] = A
T[((Ar, A2)", As)e] = A

T[((A1, Az)e, Ag) ] = A
T[((A1, A2)", Ag)e] = A

Comm L-/LA Comm R-/LA

T[(A1,(Ag,A5)) = A
D[((Ar, ), Ag)] = A

These allow the schematic derivation steps:

Ass L-/LA
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(how, (angry, (at the world)"®)", (was he))' = q -
(((how, angry)", (at the world))™, (was he))' = q Ass L-/LA
(((how, angry)", (was, he))¥, (at the world))® = q Comm L./LA

On the other hand, the mode of combination between noun and post-nominal an-
gry at the world requires connectivity, since extraposition of post-nominal ap’s is
impossible (though care must be exercised to distinguish subject-bound predica-
tive constructions such as Smith/A man came in tired from extraposed structures
such as A man/*Smith answered from Toulouse, which require a subject np com-
patible with the extraposed complement; in the latter structures, extraposed ap’s
are impossible, as exemplified by A man took the floor from Toulouse/*angry at
the Whig policies). On these grounds, then, we may assign to angry at np the
type n\in, and to angry itself the type (n\in)/1aat — p, where /j, is the residual
of the product (-,-)!*: left-headed, non-adjacency-demanding.

The multimodal setting makes it possible to tie the ordering conditions of the
residual slashes of prenominal angry and post-nominal angry at np to prosodic
sorts in an interesting way, a way which leads to a simplification of the lexical
specification of attributive adjectives and phrases built up from them. Although
In general there are many natural linking laws between binary products, such
natural links do not always exist, or do not exist uniquely. For example, the
following links between the right-headed non- associative structure (-, -)” and the
non-headed, non-associative structure (-, -)*, and between the latter and the (non-
associative) commutative structure (-,+)® are natural, since they arise purely by
‘forgetting’—first headedness, then order:

(A, AN — (A A — (A, AN

Similarly, there is a natural link between a ‘pointed’ commutative product (-*,.)®
(equivalently, (-,-*)®) and the simple commutative product (+,-)8, according to
the simple rule: forget the pointing. But there is no natural link between right-
or left-headed structures and pointed commutative products: this is because
while one may forget the head, one must then add the point. Nevertheless, just
because there is no natural link between these structures, there may stil be linking
principles.

Consider the following principles, which govern relaxation of right- and left-
headed structures into pointed commutative structures:

L[(e",App)°®] = 4
F[(@,Aph)l = A

[(Aw,07)°] = A
I(Aw,0)] = 4

Relax R/ ® Relax L/ ©

Now instead of assuming that angry by itself is of type n/,n and that angry at
np is of type n\;n, we may take them to be of the same type, distinguished only
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by prosodic sorts: angry of type (n/gn*)w, and angry at np of type (n/@n*)ph.
If we then make the reasonable assumption that commutative products are only
induced on expressions as a result of natural and specified communication princi-
ples — reasonable because the expressions in question are in fact linearly ordered
in time — this prosodic distinction between angry and angry at np is sufficient
to yield the paradigm: angry politician, *angry at the Whigs politician, *angry
politician at the Whigs, *politician angry, politician angry at the Whigs. We leave
the analysis of the individual cases to the reader.

To achieve this result on the basis of a single lexical specification for the word
angry, we need an account of optional arguments.” Morrill e.a. [20] have shown
how to do this using modalities in the style of linear logic. The basic idea is
easily adaptable to the multimodal setting. Three steps are necessary. First, for
each structural product @, we add a new structural product (). Second, we
need to ensure that any product «a relaxes into (a). Third, we need to ensure
that any residual type — say, A/(a)B — relaxes into the an appropriate ()
configuration — say, (A/(«)B, B)©®). The second two steps point the way to the
obvious frame conditions and corresponding logical principles, exemplified by the
structural rules below.

\ F[(Al,Az)(l)] = A
T T(A, A) ] = A

T{(A/wB,Br)Y] = C
F[A/([)B] =

Relax L/( Opt A/wyB

Relative to these assumptions, we now associate angry with the type:

((n/o "*)x U w /(ta) PPx)W-

Together with our communication postulates, this assignment leads to the fol-
lowing behavior:

(angry, politician)™ = n Opt, Relax R/®
(politician, (angry, at the Whigs)'®)! = n Relax la/(), Relax L/©®
politician angry 7 n

angry politician at the Whigs # n

angry at the Whigs politician % n

Eager. The case of uncomplemented eager and complemented eager to please
is exactly analogous. The uncomplemented adjective appears obligatorily pre-
nominally; the complemented phrase appears obligatorily post-nominally, under
obligatorily adjacency; and the infinitive complement is extraposable in structures
such as how eager is he to please?. We treat it in exactly the same way as angry.
Thus, eager is associated with the type:

"In some cases, it is reasonable not to distinguish between ‘optional arguments’ and ‘mod-
ifiers’. But it need not be reasonable to conflate these two concepts in general. The topics
discussed here are treated more smoothly from the point of view of optional arguments.
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((n/o n*)x L w /(ta) infx)w.

Happier/Different. Consider now the cases of happier (than np) and different
(than np). Abstractly, we think of these adjectives as combining with a than-
phrase (in the la-mode, to the right) and an n to form an n. If we allow the
adjective to combine with these arguments in either order—that is, first with
the than-phrase and then with the n, or first with the n and then with the
than-phrase—and if we require that the expression that combines with the n
satisfy the same prosodic constraints imposed for angry (at np) above, then we
allow exactly different / happier rabbit, rabbit different/happier than Bugs, and
different/happier rabbit than Bugs. On this account, then, the different/happier
class of adjectives differs from the angry class in that the latter imposes a strict
order on how it combines with its arguments—first, the pp-complement, and then
the noun—with the consequence that the relative of order of angry (at np) and
n is specifiable only after a decision has been made concerning the occurrence of
the complement; in the former case, however, the adjective may combine with the
noun first (in which case, it must precede the noun) and then combine (optionally)
with a than-phrase, or it may combine first with the than-phrase and then combine
with the noun (in which case, as a phrase, it must follow the noun, exactly as in
the case of angry at np). We denote the type of different in the following way:

, lein®
/(ta) than-p

The associated frame conditions require that expressions of this type belong to
the intersection of the sets of expressions of types (n /o n*) /(ta) than-p and (n
/ ta) than-p) /o n*. Prosodic sorts are to be interpreted accordingly. We suppress
the complete statement of the associated structural properties.

It is possible, of course, to have cases involving both a pp-complement and a
comparative phrase complement. One possible extension of the above system
to such cases would allow the comparative adjective to combine with (optional)
pp-complement, (optional) than-phrase complement, and (obligatory) n in any
order, giving:

happier man with these results than anyone else
happier man than anyone else with these results
happier man than anyone else

happter man with these results

man happier with these result (than anyone else)
man happier than anyone else (with these results)

Fasy. The easy class of adjectives exhibits all the behavior observed with the
different/happier class. The members of this class can be assimilated to the
current system by allowing them the additional privilege of combining with an
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expression of type inf /; np and prosodic sort w to form an expression of type n /g
n* of prosodic sort w. This assumption allows these cases to occur prenominally.

The reader may find it amusing to show how our assumptions provide an account
of the following interesting data: '

easy to understand proof of this theorem
proof of this theorem easy to understand
¥ proof easy to understand of this theorem
* proof easy of this theorem to understand

4.2 Extraposition from noun phrases

We now turn to extraposition from np, starting with extraposition from subject
position, as in the alternants A book on that subject appeared recently ~ A book
appeared recently on that subject. We call the sub-expression a book the ‘host’
and the sub-expression on that subject the ‘guest’. The extraposed variant of
the alternation is subject to independent constraints involving properties of the
host and the guest. We mention two of these briefly, then turn to the question
of how communication between host and guest governs the possibility of the
extraposition alternation.

There is an important pragmatic restriction on extraposition, noted by Guéron
[12]: extraposition is impossible if the referent of the host is referentially de-
terminate. While A man object from Toulouse is possible, interposing a deictic
anacoluthon between host and guest fixing the referent of the host is impossible:
thus, ¥4 man—that guy over there to Amy’s left—objected from Toulouse.

There are also interesting differences associated with predicates: individual-level
predicates in the sense of Carlson [4] are impossible, as demonstrated by the
contrast (see [22]) between No proof will ever be found/*sound of this theorem.

Not every post-nominal constituent is extraposable. There are categorial
restrictions on what constituents are extraposable, illustrated in the table below:

category examples

PP a man from Toulouse objected ~ a man objected from Toulouse
ap a man present objected ~ *a man objected present
rel a man who/that didn’t like the proposal objected ~
a man objected who/that didn’t like the proposal
rel a man who/that/Q I think you know objected ~
o man objected who/that/*} I think you know
vp-ing a man walking by came in ~ *a man came in walking by

past-prt  a man suspected of perjury objected. ~
*a man objected suspected of perjury.
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The distinction between extraposable and non-extraposable constituents is ex-
pressed directly in the type system adopted here: extraposable constituents de- ‘
pend on products in the la-mode; non-extraposable constituents depend on prod-
ucts in the l-mode. '

Type communication in extraposition. Consider now an allowable host for
extraposition —such as a person—and a compatible post-nominal complement. If
the complement is not an extraposable, then we regard the complement as being
of type n\; n. Adjacency is enforced. On the other hand, if the complement is
of the extraposable kind, then we regard it as being of type n\;; n. Given the
communication rules Comm R-/LA and Ass L-/LA, we have the following proof
for A man objected from Toulouse:

((np/i. 0, (n, n\ia n)®)", np\, s)" = s antecedent residual introductions
(((np/1. n. n)", n\ia n)®, np\, sf =s Ass L-/LA
(((np/s. n, n)", np\ s)", n\tz n)* = s Comm R/LA

This system also allows complements of pre-nominal adjectives to be extraposed,
as in A different man objected than Ilya. The proof is the same as above, modulo
the replacement of man, of type n, by different man of type n/ (la) than-p and of
the phrase from Toulouse of type n\;, n by the than-p than Ilya.

The same method yields double extraposition cases as well, such as 4 book ap-
peared on that subject by a well-known figure.

This system does not, however, allow extraposition of the than-phrase in *4 man
different objected from Ilya nor of the about-phrase in A picture of a book appeared
about French cooking. In order for postnominal different to combine with man,
it must first combine with the extraposed constituent to form a phrase which
matches the conclusion of the inference rule Relax L/®. Thus, we must have the

configuration:
l
/o n*
...{n,n .o
( /(la) than—p

The postulates Comm R/LA and Ass L- /LA allow communication between the
extraposed than-phrase and the structure corresponding to ((man, different)’,
than Ilya)®. But no further communication is possible, and the proof fails at this
point. Similarly, with respect to extraposition from within a pp-complement or
modifier, the preposition itself combines with its object in the mode (pp/, np, np)"—
which does not communicate with the la-mode in a way comparable to the com-
municative postulate Ass L - /LA.

There are other syntactic aspects of extraposition worthy of scrutiny. For exam-
ple, the extraposed phrase must appear to the right of obligatory arguments of
the predicate (if there are any). To see this, compare the variants below:
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A rumor of the battle at Tusla quickly reached the troops
A rumor quickly reached the troops of the battle at Tusla.
A rumor quickly reached of the battle at Tusla the troops (under Chichikov).

The last of these is emphatically impossible.

In traditional forms of generative grammar, explanation of issues of this kind
is typically sought in the study of comparative tree geometry. Our approach is
somewhat different: we simply impose a particular type structure which controls
the dynamic interaction of the resources of the sentence. Suppose, then, that the
predicate reached is assigned the type (np \, s)/i np. On this type assignment,
we have:

(np, ((np\rs)/unp, np)')" = s
The extraposition case is based on the validity of:

(((np/un, n)", ([np\es]/inp, np)')", n\ian)'® = 5

This much is straightforward. But the second case is straightforward as well:
there simply is no structure jointly compatible with the demands of the individual
resources. To observe the source of these incompatible demands, note that the
extraposed constituent must combine in the la-mode, so that the substructure
corresponding to reached of the battle at Tusla must be ((np\, s)/; np , n \; n)".
Adding the other information in any mode yields one of two possible bracketings:

((Crp/e ny n)Y, ((mp\s 8)/1np s 0 \ia 0)'2), np)?
((np/e n, 0}, (((np\+ s)/e 0P, n \ia 0}, np)’)’

But neither of these is resolvable: in fact, in neither case is either of the accessible
type constructors removable.

An interesting contrast, which follows directly from assumptions adopted here,
is the fact that pp’s extraposed from within a verbal argument need not appear
following all verbal arguments, as shown below:

The NATO command sent a bulletin out about the events to all
parties involved in the siege of Sarajevo.

The possibility of this kind of ‘vp-internal’ extraposition is easily treated. A
sketch of the relevant proof substructure:

((np\r5)/1((np ® out) - to-p), ((((np/un, (n, n\tan)'), out)", to-p))’ = np \.s
((np\rs)/i((np ® out) - to-p), ((((np/i.n, )", n\ian)'®), out)", to-pn)ie)l = np\,s
((np\es)/i((np ® out) - to-p), (((np/un, n)", out)", n\an)e, to-p)!)! = np\rs
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5 Conclusion

We have presented a multimodal architecture for combining logics of categorial
type inference. The central research theme for the mixed architecture is commu-
nicatton: what principles govern the process of reasoning when different modes
of grammatical composition are combined? We have investigated two such prin-
ciples. Inclusion principles impose a natural order on the distinct modes of com-
position in terms of the constraints they impose on the structure of the linguistic
resources. Interaction principles regulate the communication in mixed configu-
rations. We have shown how non-adjacent modes of composition arise in the
multimodal setting through inclusion and interaction principles. We have illus-

trated the potential of the approach with an analysis of head adjunction and head
attraction phenomena — phenomena that have resisted categorial treatment in
the individual classical type systems.
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