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Linear grammars with labels

Houpa ANoun & A LAIN LECOMTE

Abstract

The purpose of this paper is to show that we can work in thé spivinimalist Gram-
mars by means of an undirected deductive system célgd, enhanced with constraints
on the use of assumptions. Lexical entries can be linkeddoesees of controlled hy-
potheses which represent intermediary sites. These assmpnust be introduced in
the derivation and then discharged in tandem by their prepély which will there-
fore manage to find its final position: this allows to logigadimulatemoveoperation.
Relevance of this formalism will be stressed by showing li#ity to analyze dificult
linguistic phenomena in a neat fashion.

Keywords LocicAL GRAMMARS, MINIMALIST PROGRAM, SYNTAX/SEMANTICS INTER-

FACE, NON-LINEAR PHENOMENA

4.1 Introduction

Type Logical Grammars (Lambek (1958), Moortgat (1997)) Bfidimalist
Grammars (Chomsky (1995), Stabler (1997)) are two thritivepries dedi-
cated to natural language analysis. Each one has its iictéssets. In fact, the
first framework is computationally attractive as it worksrqmositionally and
gives the semantics for free. While the second one is based apeduced
number of rules guaranteeing processifficency (Harkema (2000)).

Despite their apparentfiierences, these theories share the same philoso-
phy: they are both lexicalized and present universal setsles that allow to
explain various linguistic phenomena in multitude of natleinguages.

Our goal is to bridge the gap between Categorial and Minsh&ram-
mars by proposing a new logical formalisfi £ (i.e. Linear Grammars with
Labels) which captures Minimalist operations (ngergeandmove in a de-
ductive setting. This match between logical framework aridiialist Pro-
gram proves to be fruitful as it gives a better understandintpe diferent
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mechanisms involved in Minimalist derivations.

Lecomte, A. and Retoré, C. have already proposed a logysabs that
simulates Minimalist Grammars: Lecomte and Retore (20D4ik latter sys-
tem is built upon elimination rules for both the slashes dretensor. The
absence of any form of introduction rules leads to fiitient system. How-
ever, this restriction is not beneficial insofar as it viekthe correspondence
between syntactic types and semantic representationsirinea proposal,
we want to keep a transparent interface between syntax andngies by
reintroducing abstraction rules which are applied in a @dletd fashion.

Like Abstract Grammars and Lambda-Grammars (de Grootel(2&ad
Muskens (2003))LG L grammars are based upon an undirected logical sys-
tem which has two interfaces (syntactic-phonetic, syitesgmantics) owing
to Curry-Howardcorrespondence. A syntactic derivation is then a deductive
proof of a given sequent built using appropriate inferentes:. Both phonetic
form and semantic representation result frafterms combination which is
carried out in parallel with the syntactic derivation, @reach deductive rule
encapsulates a computational step within the simply typedlculus.

The originality of LG L stems from the refinement introduced in hypothet-
ical reasoning. Our model aims at preserving the advantadbis technique
(e.g. dealing with unbounded dependencies) while comstigits use in or-
der to reduce the size of the search space. Thus, insteadsitieoing freely
accessible logical axioms, our system is equipped withefinéquences of
consumable controlled hypotheses which are attached taircdexical en-
tries that are expected to move. Such linked hypothesessepr original
sites occupied by their associated entry in the D-strugiweebefore the dis-
placement operation). They should be introduced duringdtérésation and
then abstracted at the same time by their proper entry whitbamsequently
reach its target. In the case of overt constituent movermgatmediary posi-
tions occupied by non-pronounced variables will be systealéy replaced
by phonetically-empty traces.

In this paper, we will prove thanhoveis a metaphoric notion which can
be rigorously formalized using Logic. Moreover, we will shéow to cap-
ture complex linguistic phenomena (e.g. binding, disaarity) within LG L
thanks to the combination between Logic power and Minin&isgram
ideas.

4.2 BasesoffGL
4.2.1 Types & Terms

In this section, we survey the relevant bases inheredigd .
Following earlier proposal by Curry, HB. in Curry (1961) apither more
recent research work: de Groote (2001), Muskens (2003)system dis-
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tinguish between two fundamental levels of grammar. The léngel is an
abstractlanguage (tectogrammar) which encapsulates universatiples
The second level is eoncreteone which may contain a range of components
(e.g. phenogrammar, semantics) used to encode crossslicgariation (e.g.
word order, lexical semantics).

Our core logic operates on abstract syntactic types whiehratuctively
defined as follows:

TA)=A|T =TT

A is a finite set of atomic types that contains usual primitesiinimalist
grammars (e.gc (sentence)dacc (hnoun phrase with accusative casé)sm
(noun phrase with nominative case). Composite types ateusimg the lin-
ear implication- and the exponential operator ! introduced in Girard (1987).

Our framework supports a two-dimensional concrete levalidg respec-
tively with phonetics and semantics. Therefore, we comside kinds of
concrete types, namefy-types (o) anda-types (7;) whose definitions are
the following:

To =S| T0 = To
T :=e|t|7~/1—)7~,1

The set7 is composed of only one atomic typevhich represents phonetic
structures (structured trees), wher@asontains two primitive (individu-
als) andt (truth values). Notice that composietypes are built upon linear
implication—, whereas compositetypes use intuitionistic implications.

Both phonetic and semantic representation of expressi@neasily de-
fined owing toA-calculus, thus leading to two sets of terms, nandefierms
Ag andA-termsA,. Let X be a finite set of phonetic constants and finite
set of semantic constants. L®%, (resp.V,) be an infinite countable set of
typed phonetic (resp. semantic) variables. The\ggE) of well-typed linear
®-terms is inductively defined as follows:

1. eeAe(Z) ande is of types!

2. if X thengeAo(X) andg is of types

3. if (Xp: tp)eVe thenxgpeAep(X)

4. if s ands, are®-terms of typesthens;es,eA ¢ (X) and itis of types (e

operator is used to combine phonetic structures, it is aeébsociative
nor commutative)

5. if ¢1 and¢, are®-terms of typeg; andt; —o t, with no common free
variable thend; ¢2)eAqo(Z) and is of typds,

6. if Xp is a variable of typé;, ¢; a ®-term of typet, andxg occurs free
exactly once inp1 then @x. ¢1)eAo(X) and has typé; —t;

Le represents a phonetically empty element used for traces
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. . . . . B .
Ao(Z) is provided with the usual relation gfreduction= enhanced with

two additional rewriting rulesp;ee é ¢1 andeegy i @1.

On the other hand, the sat,(C) of A-terms is defined using a simply
typeda-calculus with two basic operations, namely intuitiordstpplication
and abstraction.

Finally, letr,4; be a function which assignsiatype to each atomic abstract
type (we assume for instance thaj(C)=t, T1at(N)= €—t, T1at(dcasd= €).
Two homomorphismsg andr, are defined to link abstract types to concrete
types as follows:

Vte ﬂ,q‘;@(t)zs Vie A, ml(t)= Taat(t)
To(ti—otr)= To(t1) — 7o (t2) | Ta(ti—otz)=7i(t1) — 7a(t2)
7o (! t)=To(t1) (! t)= 7a(ta)

4.2.2 Lexical Entries & Controlled Hypotheses

We now introduce the notion of 2-dimensional signs whichthesbasic units
managed by our system. Such signs are of the following fognly) : ty,
where:

* ty e 7 (A) (abstract type)
* |p € Ag(X) andly is of concrete typeo(ty)
* |, € A (C) andl, is of concrete type,(ty)

We distinguish between three classes of signs, nansigble signs (when
lp € Vo andl, € V,), constansigns (whenrg € £ andl, € C) andcompound
signs (wherg, or I, is a compound term).

These signs are used to define lexical entries. LexicalemtiLG L are
proper axioms which can be coupled with prespecified seseat con-
trolled hypotheses. Such hypotheses will occupy interargdsites, they
should be introduced in the appropriate order and then digeld at the same
time by their associated entry.

Lexical entries obey the syntax below:

F(@s, a) ity 3 lnyps
where:

* (8, , &) : tyis a 2-dimensional sign.

v lhypss ([Hy ot H o t], . [He o t = HY - t]) is a sequence of controlled
axioms of lengthlnypd=k, (¥ ie{1..k}, Hi=(hs , hy) and H{:(h(’ﬁi , )
wherehy; € Vo (-variable) hy € V, (1-variable) andv;e Ao(X)) -

Lexical entries are classified in two groupistked entries(when k-0) and

free onegwhen k=0). Linked entries are coupled with non-empty sequences
of controlled hypotheses. Each hypothesis is encapsuiasgde an axiom
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‘(hyi , ha):t - (W), hyi):t " which can be either logical (ifi= hy;) or extra-
logical (if hyi# h;). Extra-logical axioms are extremely useful since they rep
resent pronounced variables or phonetically non-emptgtratemming from
displacement (e.g. pronouns: he, her ...).

The abstract typty of the lexical entry should verify the following speci-
fication:

1. if k=0 then ty is an arbitrary abstract type
2. ifk=1thentyt; - ... o t, —o (t—ot")—t”
3. otherwise tyt;—o... — ty — (It —o t') —t”

Intuitively, the second (resp. third) point above means tha lexical entry
represents a constituent that needs to merge with exagitty0) expressions
of typest; ...t, respectively, and then move once (resp. an unspecified rumbe
of times, e.g. cyclic move) to reach its final position.

Finally, a lexicon is nothing else but a finite set of lexicatrees{ey, ...,
en}.
Let us illustrate the previous definitions in a concrete gxamf we as-
sume that\WhoneX) and (\eC) then the phonetic behavior and the seman-
tic representation of the relative pronowahoni can be modeled using the
linked entry below:
( ;ll(é //llr(g /?:('F()\E\;(I‘)]C;\m(s((féf)) “(agc o €) on—on 3 [X:dacch X: e

Our entry is linked to one hypothesis which will occupy thitiah position
of ‘whom, namely the object of its relative clause (e(gook) whom Noam
wrote ). This assumption will be discharged afterwards by itsteglantry,
thus guaranteeing the combination between the relativequroand its sub-
ordinate clause. Formal rules that manage this overt displent will be set
forth in the next section.

4.3 Logical simulation of Minimalism
4.3.1 Inference rules
Letlex={e1, e, ...,en} be a lexicon.LG L grammar with lexicorex is based
upon a deductive logical system which deals simultaneouily two inter-
faces (syntactic-phonetic, syntactic-semantic).
Judgments of our calculus are sequents of the following form
Ir(lo.la):ty; E
where:
= T the contextis a finite multiset of 2-dimensional variabnsi
* (lp,1,) : tyis a 2-dimensional sign
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= Eis a finite multiset containing identifiers of all linked lexri entries that
were used in the course of the derivation and whose assd@atimp-
tions are not yet discharged

Variable signs included in the contdxtcorrespond to controlled hypotheses
that were introduced in the course of the derivation. Eagiothesis will be
marked using a superscrip‘ffwhich points at the lexical entry to which the
assumption is attached (e@,: hypothesis linked te entry).

The first group of£GL inference rules are axioms which coincide with
derivations’ leaves. Figure 1 shows axioms that our systgrpaerts.

e=(ray:ty3l)
Fay:ty; if I =()then0 else{e}

Lex

e=(F--3 |hy‘p) InyplJ] = (X 1 Ak Yy 1 A)

7 Ctrl
X, AR Y A0

FIGURE 1 Axioms of LG L(lex)

Our core logic includes extra-logical axioms which are asted from lex-
ical entries owing to ruléex If the involved entry is linked, then its identifier
is added to the multis&. On the other hand, our system excludes the freely
accessible identity axiom. Available axioms stem from coligd hypotheses
which are coupled with linked lexical entries. These axi@arsbe introduced
in the derivations by means 6ftrl rule.

Linked entries in£G /L can be attached to more than one controlled hy-
pothesis. This specification has a very strong linguistitivaton. In fact, it
can happen that a constituent occupies more than one ird&amesite be-
fore reaching its target. Such phenomenon is illustratednfstance in the
interrogative sentencéVhich book did John file without reading i?’. In
that case, the wh-elementhich book occupied two positions before dis-
placement (in the D-structure), namely the complement efvérbfile and
that of the infinitivewithout reading After movement, the first position be-
comes empty while the second is occupied by a pronounceablarit’. At
the semantic level, both these sites of origin represergahe object.

To account for such non-linear phenomena withG.L, we use the expo-
nential ! whose behavior is described by the usual rulese#li logic (Girard
(1987)). Figure 2 presents the derived rules which are aeleto our study.

The generic process that handles the management of cextiofpothe-
ses can be summarized as follows. On the first hand, each pssarof type

2For the sake of readability, we focus on the syntactic-ptioreterface
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AsX;i5B"y¢:A; Ex A,x; :!B,yg ABr U, A Eg
‘ L i Le
A’X; 1Brys 1A Eq A,b; ABF Ug[Xs 1= by, Y = by] 1 A Ex

FIGURE2 Relevant derived rules for !

ty will get the decorated typhy if it is related to a linked entrg which is
attached to more than one controlled hypothesis. Thisfiwemsation is car-
ried out by means oiL rule. Intuitively, this means that a hypothesis which
represents only one controlled assumption (i.e. of typés a particular case
of hypotheses that encapsulatdéeastone controlled assumption (i.e. of type
Ity). On the second hand, contraction rulé iIs applied to gather all the hy-
potheses linked to a specific entgyin one assumption. This will make it
possible to abstract these hypotheses in tandem.

Now, the ground is well prepared to present our logical satiah of Min-
imalism. It is not dificult to simulatemergeoperation of Minimalist Gram-
mars in a logical setting. In our case, it is nothing else batdirect— elim-
ination (—E, cf. Fig.3) which merges twd®-terms (respa-terms) by means
of application operation.

'rfs:A—-B E1 Aray:A E]
A+ (fy84): B, E1UE]

—o

[+ fs:(C—D)—B;{e}UE; A,c;i :Crd,y:D;E]
F,A + (f¢ (/1C¢ d¢)) . B, E]_UE&

—-o |E %
FIGURE 3 Behavior of— connective

Moveoperation is logically captured thanks to the refined elation rule
—|E. This rule allows a constituent to reach its final positiynsimultane-
ously discharging its controlled hypotheses which ocatipitermediary po-
sitions. Our logical formalization ahoveoperation shares some ideas with
Vermaat's one in Vermaat (1999). In fact, we both consider dlperation as
the combination of two phases, namelynargestep and dypothetical rea-
soning step (abstraction over sites of origin). Thus, the elemethish are
expected to move are assigned a higher order type [)— B*. Such ele-
ments wait to merge with a constituent of typesM, which results from the
abstraction of the intermediary positions in the initialisture (of type D).

However, Vermaat proposal is encoded in a directional taécmoveop-
eration is then captured using additional postulates wreattroduce struc-

3The introduction rule of< is not freely available, it is rather encapsulated insickE rule
“Vermaat considers only the case wherefD
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tural flexibility in a controlled fashion. Our proposal isrgiler as it is based
upon a flexible undirected calculus. Moreover, it makes ggilgle to limit
the operation of hypothetical reasoning used in displacémich is con-
strained to a specific amount of hypotheses explicitly glwgthe lexicon.
Rule —IE cannot be applied unless the pre-conditioms verified: all
linked axioms coupled with the lexical enteymust be introduced in an ap-
propriate order (from the right to the left b s Sequence) during the deriva-

tion of (A, cg :Crd, : D; E)). Once these assumptions are abstracted, entry
e regains its final position and is automatically withdrawonfrthe multiset
of unstable lexical entries involved in the derivation.

To formalize the pre-conditio, we assume that each assumptiénof
the context encapsulates a kindrigtory used to record some relevant data.
This additional parameter does not have any impact on oucdbgystem.

It only ensures theficiency of parsing by making the constraineasier
to check. The notatiow’ || is used when the history of the assumption
x!" is explicitly given. Otherwise, a functiomist() can be applied to a given
hypothesis<' to get its masked history.

Owing to the contraction ruleLf, each hypothesis! gathers a sub-set
of controlled hypotheses related to engryThe history of an assumptiod’
can then be encoded as a set of pairs of natural numbers. $hadimber
of each pair represents the index of an involved controligabthesis taken
from Inyps SEquUence, while the second one is nothing else but the depth
this hypothesis in the current bottom-up derivation.

Each deduction step updates the history of all assumptimhsded in the
context. For instanceCtrl rule enables the introduction of a specific con-
trolled hypothesis of indekand initiates its history with the single pair (j, 0).
On the other hand, rules of Fig.2 and Fig.3 increrf¢im¢ depth of the pre-
viously introduced controlled hypotheses. We show below lvgical rules
enhanced with their explicit management of histories:

€ =("—f3|hyp) |hyp[j] =X Ary, i A c
XL O} A F oyt A0

trl

A, xg lo1] !B, ygLo-zj 1BruU, A Ep

: ILe
A, bj» lo7" Vo™ B Us[Xs := by, Ys = bg] - A Ex

5The number of deduction steps between the introductionehitpothesis and the current
state of the derivation
6Incrementing operation is denoted by*(){...;(,d);..)** =(...; (i, di +1);...}
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Therefore, the side conditiancan be stated formally as follows:

g oirf | YR LEkSTlnpsl = 3dI K d) € hist(c})
v(k, d) € hist(c)) V(k', d) e hist(c]), k<k = d<d

Finally, it is worth noticing that the constraithtis significant only if the
considered derivations are in normal form. Therefore, tigeace of both the
freely accessible identity axiom and thel rule is necessary to the success
of our approach.

4.3.2 LGL grammars & generated language

LG L grammars have two parameters, namely a lexicon and an adlistiic-
guished type. LetG(lex, ¢) be aLG L grammar andat’ an atomic syntactic
type. We say that a sequence of phonetic constambgr,...m, has abstract
type ‘at’ within G (i.e. le La(G)) iff:

3 X, Xa [Xg € struc{my, ...,my) A (+ (X5, Xa) @ at; 0)

wherestruct(m, ..., m,) is the range of phonetic structures built usingper-
ator and whose leaves arg, m, ..., m, in that order.

Notice that the convergence of derivations requires th@diiction and
the simultaneous abstraction of all controlled assumptietated to involved
lexical entries.

Finally, checking whether a sequence of phonetic constasmtecognized
by the grammag (i.e. le £(G)) amounts to verifying thdthas abstract type
C.

4.3.3 Example of£G L derivations

This section is devoted to the study of a hybrid exampere logicians met
Godel than physicists knew himhich involves two complex linguistic phe-
nomena: binding and discontinuity. The analysis of thesspmena within
the directional approach constitutes a real challengessearchers. All pro-
posed solutions are complex insofar as they led to the agtein$ the core
logic either by defining new syntactic connectives (distarity connectives:
Morrill (2000)) or by introducing additional packages ofgpalates as in Hen-
driks (1995). However, our proposal is able to capture siidnpmenain an
elegant fashion without using any additional material.

Our treatment of binding follows the same ideas of Kayne. Kayne
(2002) where he argues that the antecedent-pronoun rel@ig. between
Godelandhim) stems from the fact that both enter the derivation together
as a doubling constituent ([Godel, him]) and are subsedpseparated after
movement. In our system, we account for this idea by definiligkad entry
e (cf. Fig. 4) associated with the proper no@odel This entry requires the
introduction of two hypotheses (where the firetmY is a pronounced one)
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which must be discharged at the same time. There&rentry will reach its
final position thus making it possible to semantically lifile toronoun with
its antecedent.

Id O-terms A-terms Abstract types Hyps
e A Py. Py(Godel) A P,. P)(Godel) (!dacc—oC)—oC [X: dace-X:dacd 5
[X: dace-himidacd

& logicians Logician n ()

e physicists Physicist n 0

e AX. y. (ye(metex)) AX. Y. Meetpas(y,X) dacc—onhom— C ()

& | Ax.Ay. (ye(knewex)) | AX.dy. KNOWpas(y,:X) | Gacc—oGnom—oC 0
AX. Y. AP.AQ. AP1. 1Qy. AP3. 1Qs. n—on—o

& | ((morey)eQe)e | More(ax. Qu)AQX), |  (dhoroc)—o 0
(thare(xeP(e))) AX. P1(X)AP2(x)) (dnhom—oC)—oC

FIGURE4 Example of£G.L lexicon

On the other hand, we capture discontinuity by gatheringdifierent
components of a discontinuous expression in the same lexitgy. For in-
stance, entrgs defines the phonetic and semantic behavior of the discontin-
uous constituentgore... than).

We present, in the following, the main steps of our examplealysis. For
the sake of legibility, the bottom-up derivation tree isitsipito different key
parts which will be commented on progressively.

Ctrl

Lex 1
A Ay, y e (knewe x) \ . ] XY him) . | .
F ( A% dy. Knowpas(y, x) |~ Gacc —© nom — C; 0 Xfl " Gace x| Gacc O

1 -
E Y.y (knewe him) \ _
[ XE] ] *Gacc k- ( y. Knowpas(y, 1) | Anom —o C; 0

— E

o d AQ. ((moree logiciang e Q(¢)) o (thane (physicists (e e (knewe him)))) ) . (dnom—o C)
N R a“*( Q. More(ax. Logician(x) A Qx(X) , Ax. Physicis{(X) A Knowpas(X, X)) ) —~c0

de,l 1d Q. ((moree logiciang e Q(e)) o (thane (physicists (e e (knewe him)))) \ . (dnom— C)
XE‘ “lacct | )0, More(x. Logician(x) A Q2(X) , Ax. Physicis{x) A Knowpas{X, X)) ) -0

The derivation above starts by introducing the last colgdohypothesis
(i.e. the assumption representing the accusative proniog)rof the sequence
attached tae; entry. This hypothesis, then, merges with lexical ey
means of-oE rule. On the other hand, a partial derivation is built by ss
utively combining entryes with entriese; ande,. The resulting sequent then
merges with the previous one. The last deduction step dabsgdout deco-
rating the type of the introduced hypothesis by a ! markerdeoto express
its ability to gather with the other controlled hypothesigéd to its proper
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entry. At this stage of analysis, only the second contrdilgabthesis o&; has
been used. Moreover, it was involved in exactly three dednacteps after its
introduction, so we can deduce that its current historyig(Xi')={(2,3)}.

Ctrl

AX. 1y. y e (Mete X)
AX. Ay. Meetpasdy, X)

Lex "
* Gacc =0 Onom — C; 0 Z!Tpl > acc Z " dace, 0
zZ, Z

—- E

Tl
Zlb . /ly' ye (met. Z(I)) ) e
( Zj;l ] *acc F ( Ay. Meetpas(y, ) |- Anom —o C; 0

L

Tl
Zy | Ay.ye(metezy) . _
[ ZEI ] e ( Ay. Meetpas(y, 21) | Ghom — C; 0

In this second part of analysis, the first controlled assionpinked toe; en-
try is introduced. Then, it merges wigj entry which represents the past form
of the transitive verlmeet This branch of the derivation ends by a IL step like
the previous one. We can easily check that, at this pointefitrivation, the
history ofz!" assumption is nothing else but higtj={(1,2).

( XI }'Id ( szl ]'Id '_( ((moree logiciang e (e # (mete zy))) @ (thane (physicists (e o (knewe him)))) )'c‘@

x;’ ZF More(Ax. Logician(x) A Meetpas(X, 2)) , Ax. Physicisi{(x) A Knowpas(X, X1))

( yg ] Aeec ( ((moree logiciang e (e o (Mete yy))) o (thane (physicists (e o (knews him)))) ) c0

) More(Ax. Logician(x) A Meetpas(X, Ya) , AX. Physicis{x) A Knowpas(X, y1))

The partial derivation above stems from merging the twoipresly presented
branches into one tree. Contraction rule is then appliechtagsulate both
controlled hypotheses linked & in one assumptiog’ . The current history
of this latter compound assumption is: hjtj={(1,4) ; (2,5).

Lex

APy.Py(Gode) \ . . v (moree logiciang e ... \ .
F ( AP,.P.(Gode) ) 2 ({dacc — €) — C; {en} ( yi"l Ndace F More(...,...) 1c0
((moree logiciang e (mete Gode)) e (thane (physicists (knewe him))) co ~IE
More(Ax. Logician(x) A Meetpas(x, Godel) , Ax. Physicis{x) A Knowpas(x, Godel)) | ™

The whole derivation ends by simultaneously dischargimjrodied hypothe-
ses linked to entrg; by means of-IE rule. In fact, the application of this
rule is allowed since the side-conditidnis entirely verified: agﬂl’s his-
tory shows, the leftmost hypothesis linkedgiowas introduced in the deriva-
tion after the rightmost one. The semantic representatimuosentence is
computed in tandem. Indeed, the final semantics coincidistteé intuitive
meaning of the sentence, namely that the set of logiciansmétoGodel is
larger than the range of physicists that knew him.
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4.4 EnhancingLGL

It is not difficult to notice that our logic is too flexible as the applicatif
movement is not constrained. For instance, if we assign ity below to
the wh-elementwhich, we can analyze both sentencesgttich man do you
think the child of speaksand which man do you think John loves the child
of _?’, where the first is ungrammatical.
( AM A¢ (whiche_ m) e. ¢(e)
AP 21Q Ax.P(X) A Q(X)

In fact, we need to control displacement operation to ruteatraction from
islands. For that purpose, we propose to enhaf@# with some meta-rules
encoding locality constraints (e.g. SPIC: Specifier Isl@uhdition, SMC:
Shortest Move Condition). We focus in the following on t8BIC defined
in Koopman and Szabolcsi (2000) which stipulates that theed@lement
should be a member of the extraction domain @@nmp': transitive closure
of the complement relation, or a specifier dd@np).

In order to locate the position of the head, the complemeahtizaspecifier
inside a phonetic expression, we decorate the buildingtsire connective
with a mode of composition taken from the get >}. This mode points
towards the sub-tree where the head is locasediresp.s..) if the head is
located on the left (resp. right) sub-tree.

A linked lexical entry which is expected to undergo an overtstituent
movement has a phonetic-term that obeys the following synta

AXy oA Xy A Pp Y1 oo A Yk 91, -0 0 Vi F(X1, -0 s Xn) @5 Po(€))

In the expression abovey, ... , Xy, Y1, ... , Yk (N > 0, k> 0) ared-variables of
arbitrary types, whereds;, is a®-variable of type ses. Moreoverf (resp.g)

is a function that takes (resp. k-1) ®-terms and builds a phonetic structure
using these parameters together with constants of

Intuitively, this syntax means that our entry will firstly mbine with n
structuresxy, ... , X, by means of merge operation, thus leading to a maxi-
mal projectionf(xy, ..., %). Then, the intermediary sites will be replaced by
traces in the initial structurBg and our maximal projection will be placed in
specifier position, hence making it possible to carry outekgected move-
ment. Finally, our resulting constituent can merge witheotstructures, thus
yielding a complete expression (evghomentry in section 2.2).

Notice that this syntax suits the type specification defimegeiction 2.2
(points 2 & 3) if we add additional conditions, namely thatttbdypes t
(type of intermediary sites) and t’ (type of the D-structbhefore movement)
are atomic. The first condition (i.es#) follows from constraints proposed
by Koopman and Szabolcsi (Koopman and Szabolcsi (2000g3wiurces

:N —o (dgat =€) = C 3 [X: dgarF X : dyar

"dgat represent noun phrases with dative case
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moved elements to be maximal projections (i.e. completeasgions). How-
ever, the latter condition @ A) is a logical formalization of thenerge over
moveprinciple Chomsky (1995) which stipulates that merge ojpenehas

priority over movement because of its simplicity. Therefaa structure that
will undergo move operation should be complete.

According to the syntax of phonetic terms associated wittvadoele-
ments, SPIC condition can be encoded L as a pre-condition ofolE rule
(cf. Fig 3) stipulating the inclusion of all occurrenceslpivariablecy within
the extraction domain of th@-termdy. Therefore, adding this meta-rule to
LG L prevents us from analyzing the previous ungrammaticakseet

4.5 Conclusion & Future Work

LG L is a new logical formalism which proposes a deductive sitahaof
Minimalist Program. Our proposal is powerful enough to diescseveral lin-
guistic phenomena such as medial extraction, bindingasé#liand disconti-
nuity thanks to using linked lexical entries (related tottoled hypotheses).
Moreover, one can solve over-generation problems caus#uetdyeedom of
displacement by adding some meta-rules encoding localitgtcaints.

In addition, it is not dfficult to show that these grammars are richer than
context free grammars as they are able to generate crospethdencies lan-
guages (e.ga"b™c"d™ | n, m> 0}). In fact, this latter language is recognized
by £G L grammar containing the lexicon beldw

Fep (Vie(l.4)
F AX. Ay. AZ. Au. Xe(ye(zeu)): ty
F A P.AX. Ay. Az. Au. P(aX, Y, Cez, U): ty —o ty
F A P.AX. Ay. AZ. Au. P(X, by, z, deu): ty —o ty

The next direction to explore concerns the study’gfL formal proper-
ties: expressive power, decidability, and complexity. W antend to build
bridges betweed G L and other well-known grammatical frameworks (e.g.
Minimalist Grammar, TAGS).

Finally, we are developing a meta-linguistic toolkit usidgq proof assis-
tant (Coq Team (2004)), in order to study logical propertieLG L gram-
mars being enhanced with packages of meta-constraintstddikit can help
users manage complex derivations by automatically hagidlime technical
proofs thanks to powerful computation tools (strategies).
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