Classical Montague Grammar (Zimmermann), NASSLLI 04, UCLA

PART 1: Syntax-Semantics Interface

1. Syntax

(1.1) IfAy...,A, are deep structures of the corresponding syntactic categories
K1,...,Kn , then the result of applying the (n -place) syntactic construction
C to (Ag,...,A,) will be a deep structure of category K, ;1.
Notation: (C, K1,...,K,,Kz +1)

(1.2) old men and women

Adj N
old )
Conj N
men and women

(USC) Uniqueness of Structure Constraint on an algebra (%, (C);y; ):
If Ci(Al,...,An) = Cj(A'l,...,A'm), then i =j, and (Aq,...,0,) = (A'l,...
(and hence C; =Cj, m =n , A; = A'y, ..,0, = A'y).

>A'm)

(1.4)  (n(agjold)agj (N (N Mmen )N (Conj @aNd)conj (N WOMeEN)N N N

(1.5) & Jones ¢ seeksa € horsesuch v, that & it v, speaks & ¥ ) =
(1.6) John seeksa unicorn, 4

John seek a unicorn, 5

seek  aunicorn, 2
unicorn
Definition
A (deep) syntax is a quintuple (%,(C);o; ,(Ly)ok ,R,S), where
. (=, (C),o ) satisfies (USC);

o the Lexicon k|;1|{ L, generates the set I of (syntactic) structures;

(i.e. no lecial item is a value of an operation C; and S is the smallest set that
contains the lexicon and is closed under all C, );
. the elements of R[ules] are as in (1.1) — where C is one of the C; and all

K ; OK[ategories];
. Slentence] U K.

If AlD and k*0K, then A is of category k* if either AL, (in which case A’s
rank p(A) is 0), or A = Ci(Aq,...,A,) (and thus p(A) = max(p(Ay),...,p(A1)) + 1),
Ap....,A, are of categories ki...,k,, respectively, and (C;,k;.....k,,k*)OR.
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2. Compositionality
(2.1) The meaning of a complex expression can be determined from the
meanings of its parts.

(2.2) If S;iand Sy are sentences (of some fixed language), then so is ‘(S; and So)’.

(2.3) CAA") =A and A')Y, whenever A and A' are structures.

(24) IfC(,,...,A,) is a structure, then its meaning is uniquely determined by
the meanings of A, ,...,A, and C.

(2.5) For each (n-place) syntactic construction C there is a corresponding (n-
place) meaning combination M such that the meaning of any structure
Ch,,...,A,)is M(bq,...,b, ), where by is A, ’s meaning, etc.

(2.6) WCA,,....A,)) =MWuA,),...,u4,))
(2.7) Jonesknowsthat S C,

Jones knowsthat S, C,

knows that S

(2.8) Mo(u(Jones),M1(u(love),u(Smith)))
(2.9) p(Jonesknowsthat S), M,

p(Jones)  p(knowsthat S), M,

p(knows) p(that S
(2.10) p(QJonesknowsthat S), M|,

p(Jones)  p(knowsthat S), M,

H(knows) p(that S)

(2.11) (that ) =p(that S) O p(Jonesknowsthat S) = p(Jonesknowsthat S)
(2.12) L1 =A0,....9; L, =0 (n#1); C,(AA) = [, AN T R ={(C,1,n,n+l) | n=21} .
(2.13) M, (x,y) = 10"x +y

(2.14) u(Co (7, C1(1,2)))

= Mo(u(7),u(C1(1,2)))

= Mo(u(7),M1(u (1),u(2)))
= My, (7,M+(1,2))

= 102 x7+101x1+2

= 712
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Definitions

Given a syntax (=,(C),y ,(Lp)ox ,R,S), a corresponding semantics is a triple
(B,Wo ,(M);o; ), where B is some non-empty set; M : ;Q{ L, - B; and M),y is
similar to (C));;; . Given any A[X , then either AOL,: and its meaning (according
to (B,Ho,(M,);ny)) is Mo (A); or else A = Ci(Aq....,A,) and its meaning [...] is
HWCA,,....0,)) = M(u(A,),...,u4,)), where pu(A;),...,u(4,) are the respective
meanings [...] of A, ,...,A, .

2.15) (OX) P(x)

(2.16) P(a)

(2.17) The meaning of a complex expression is determined by the meanings of
(certain) less complex expressions.

(2.18) (Ox) P(x)

(2.19) There exists a function f which can be applied to pairs consisting of syn-
tactic constructions and sets of meanings such that the meaning of a comp-
lex structure A of the form C(Aq,..,A,) equals the value f(C,b[X]), where X

is some set of structures of ranks less than A.

PART 2: Meaning and Reference

3. Local Perspective

3.1)
Syntactic
Category Type of extension Example Extension of example
proper name individual (bearer) Fritz Fritz Homm
definite individual the fifth-
description (described) biggest city of Nice
France
count nouns set (of individuals) table set of tables
intransitive verb set (of individuals) sleep set of sleepers
transitive verb set of pairs (of eat set of pairs (eater,food)
individuals)
ditransitive verb set of triples (of give set of triples
individuals) (giver,recipient, gift)
sentence truth value snow is white 1
(D or {D})




(3.2)
(3.3)

(3.13)
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Jones knows that snow is white.

Jones knows that grass is green.

sentence that - clause

N yd

[intension] [extension ]

/ N/

truth-value function from #° to {0, 1}
(3.14) (i) {¢,e}U0IT, and {(a,b),(s,b)} UIT if {a,b}0IT. types
(11) Et = {0,1}, Ee = U, E(a,b) = EbEa , E(s,b) = Ebw . extensions
(iii) Ia = E(s,a) ; Ma = Iac . intensions and meanings

(iv) A point of reference is an element of WxC.
(v) A property is an element of I, .

(vi) P is a subproperty of @ iff P(w) 0 Q(w), for any wW.

Definition

0O
(3.15)
(3.16)

(3.17)
(3.18)

(3.19)

A local (Fregean) language is a quintuple (Z,f, (M )0 ,H, ,A), where
== (Z,(Ci)iuz ,(Lk)kDK ,R,S) is a syntax;
f: K - IT is a function (type assignment) such that f(S) = ¢;

Mo : kg{ L, - QT M, is a function (lexical meaning assignment) such that

Ho (8) OM, whenever 60L, and f(k) = a;

(M));o; is a family of meaning operations (similar to (C,),;; ) such that
Mb,...,b,) DMy, , whenever 6,00M; ,...,0,0M, , and (M ,k,....,k,,ko)UR .
A is the diagonal, i.e. the set of (w,c)OWxC such that w = w., .

If A is of category k, then its meaning is in My, .
M(by,...,b6,) () (W) = M'(b1(c),...,bu(c)) (¢) (W)
M(b1,...,b5) (¢) = M'(b1(c),...,by(c)) (c)

0 is deictic iff p(dp)(c)(w) =u(d)(c)(w"), for all w, w'C]W.

0 is a hyponym of d' (in a local language L) iff Yy (d)(c)(w) is a sub-

reference }

property of H, (8')(c)(w) whenever (c,w) is a point of {utterance

¢ of category S is an a priori truth iff p(¢p)(c)(w) = 1, for all (w,c)DA.
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4. Global Perspective
(4.1) The meaning of pebble is that (local) meaning bof type <e,t> such that for

any point of reference (w,c) and any individual x the following

holds:
ble)w)(x)

_ / 1, if x is a pebble with respect to the relevant paramters of <w,c>;
" |0, otherwise.

(4.2) The meaning of stone is that closed meaning b of type (e,t) such that for
any point of reference (w,c) and any individual x the following holds:
/ 1, if x is a stone with respect to the relevant paramters of <w,c>;
blc)w)(x) = .
\0, otherwise.

Definitions

(i)  An ontology is a pair (E,C) where C # @ and there are non-empty sets D
and W such that E = (E,),;r satisfies the equations (3.14)(ii).

(ii) An ersatz (Fregean) language based on an ontology (E,C) is a quintuple
that is like a local language except that E and C play the respective réles of
extensions and contexts.

(iii) A global (Fregean) language is a class of ersatz local languages that share
the same syntax and type assignment.

f deictic \ / deictic \
(iv) dis{ a hyponymof & } in a global language iff & is { a hyponym of &' } in
\an a priori truth f \an a priori truth f

each of its members.

(4.3) ¢ of category S is contingent (in a given [ersatz] local language L iff there
are points of reference (w,c) and (w',c') such that p(¢)(c)(w) = 1 and
W) w') = 0, where Yz (¢) is the meaning of p;(¢) according to L.

(4.4) ¢ of category S is independent of Y of category S (in a given [ersatz] local
language) iff {(Uz()(c)w),u (W) e)w))| (w,c) is a point of reference of L} has 4
members.
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PART 3: Indirect Interpretation

5. Translation

(5.1)
English Logic
structure category | structure | type
book N B et
cheap Adj C et
(y (sqicheap), (y book)) N [Ax [C(x) OB(x)]] et
[=F,.cheap,book) ] [= F\(x,F(F,, (Cx),F, (B,x))) ]
(5.2) | FAA) | = F(x,F(F, (Ax),F, (A,x))) where x is a fixed variable
(5.3) A syntactic polynomial (over a given syntax) is a term of the form
F(X1i,...,Xn), where F is the (unique) name of an n-place syntactic con-
struction (of that syntax) and each Xj; is either itself a syntactic polynomial
(...), or a meta-variable (standing in for an arbitrary structure), or the
(unique) name of a particular structure (...).
A derived construction (on a syntax) if is an operation on syntactic
structures (...) that is denoted by some syntactic polynomial (...) — in the
more or less obvious sense.
(5.4) A translation from a syntax = = (Z,(C);; ,(Lp) ok ,R,S) to a syntax =' =

(=',(C")ior ,(L'Dwox ,R',S") is a triple (g,t,(T);-; ,) such that:
g: K - K'is a function (category assignment) such that g(S) = S';

t: ,Q{Lk -~ 2' is a function (lexical translation) such that #(d) is a

structure of category g(k) in =' whenever d01L, ;
(T);; is a family of derived constructions on =' that is similar to (C));y; ;

if (C;,k1,....,kn,k*)OR, and Ay,...,A, are structures of the respective
categories k1. ...,kn, then Ti(A,,...,4, ) is of category g(k*).

Given any ALX , then either AOL,: and its translation |A|(according to
g,t,(T)ir,)) is t(D); or else A = Ci(Aq....,A,) and its translation [...] is
[C;(Ay,....A, NI = T;(JA, |,...,14, 1), where |4, |),...,1A, | are the re-
spective translations [...] of A, ,... A, .
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6. Intensional Type Logic (ITL)

(6.1) The variables of ITL form a family (Var,),;ip of pairwise disjoint, infinite sets;
the constants of ITL form a family (Con,),ur of pairwise disjoint sets; the

syncategorematic expressions form the set {A,(,),=,0,0. No variable is a constant
or a syncategorematic expression, etc.

The syntax of ITL is a quintuple (Z,(C)),q; ,(L,) ok ,R,t), where:

. 3 consists of (finite) strings over QT Con, [ QT Var, O {A,(,),=00;

. I = {app,abs,id,cup,cap};

i Capp (A,A') = A(A'); Cabs (A,A') = (AA A');C’id (A,A') = (A = A,); Ccup (A) = DA; Ccap (A) =
IZIA;

. K=IT O{VAR,a) | aIT};

o L, =Var, O Con, if kOIT; L, =Var, ifk = (VAR,a);

° R =
{(C,pp(a,b)a,b) 1a,b0IT } {(C,,,(VAR,a),b,(a,b) 1a,bUIT } {(Ciya,a,t) 1a0IT},
{(Cp(s,0),0) 1aDIT } {(C,,,0,(s,0)) |a0IT }

An ITL-ontology is a pair (E,C), where E = (E, ),y satisfies the equations (3.14)(ii)

and C is the set of variable assignments, i.e. the set of functions A: QT Var, -

QT E, such that h(x) OE, whenever xOVar, .

A local (ersatz) language of ITL is a Fregean langugage (E,C) (Z,f,(M ), W ,A)
based on an ITL-ontology where
= is the syntax of ITL;
o fla) = f(VAR,a)) = a, for any a«OIT;
o for any b, b'0] aQT E, ,w,w'OW, hOC, and u0U the following hold:
M, (b,0") (h)w) = bh)w) (b'(h)w)) whenever bUM,;, and b'0M, ;
M., (no(x),b) (h)w) (u) = b(hlx/ul)w) whenever xVar, and b0M,;, and
hlx/u] = (h\{(x,h(x))}) O {(x,u)} ;
M y(b,0") (h)w) ={01 b(h)w) = b'(h)w)} whenever b,b'0M, ;

M. (D) (h)w) = b(h)w)w) whenever b0 M,, ;
M. (b)) (hW)(w)w') =bh)(w') .

cap

. Ko (e)(h)(w) = K, (e)(h')(w) whenever wOW, h,h'0C and el QT Con, ;
Ko (x)(h)(w) = h(x) whenever wOW, h0OC and xDaQT Var, ;
N A =WxC.

If M is a local language of ITL, a is an ITL formula (structure), p(a) is a’s menaing
according to M, hOC, wOW, [[a """ is pa)()w).
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Given a local ITL-language M, there exists a function F aQT Con, - aQT I, such that

F(e) OI, whenever ¢l0Con, and such that the following hold:

6 [a]M&% = F(a)w), if adCon,;

i)  [a™E* = g(a), if aOVar,;

Gii)  [a] ™ = [a " E U ag] ) if o = o (@) ;

Gv)  [a™&® ={@,[a; M) | u0Dy} | ifa = Ax o;) und x0Vary

v [o]™# ={u | [u=0and [o; " =[]}, if o = (@, = ay)

(vi) o =[a,|ME¥w), if a = Tay;

i) [ae ={@w" o, [M#) | wOW) | ifa = O,

(6.2) If aand a' are ITL-formulae of the same category, then a and a' are logically
equivalent if [[a]]M’g’w = [[O(']]M’g’w for any local ITL-languages M, worlds w
and assignments g. Notation: a = a'.

(6.3) An ITL-formula a is modally closed if (i-a) all GQT Var, ; or (i-b) a = Ua (for some
B), or (ii) there are modally closed 0; and O, such that (ii-a) a = a; (ay) , or (ii-b)
a=Qa,a,),or(i-c)a = (a; =ay,) .

Down-Up Cancellation
U0g = qa, for all ITL-formulae a.

Up-Down Cancellation
Do = q, if o is modally closed (and of a category (s,a)).

Two-sorted Type Theory

2T contains £, e, and s and all pairs (a,b) such that a,b02T.

(Var,) ,oer and (Con,),or are analogous to ITL, but the only syntactic constructions are
Capp 5 Cabs , and Cid .

Gallin’s translation (i is a fixed variable in Var, ).

(i) cl="‘e (@), if e0Con,;

(11) x0=x, ifx OVar,;

(i)  o(B)U= al(BD);

(iv)  (Axa)O= (Ax aD);

(v)  (a=p)0= (al= BD);

(vi)  UoO= aQ@);

(vii) Ho’O= (Ai aD).

Restricted B-conversion (ITL)

((Ax a) (B)) =a[*g|, if (i) B does not contain a free variable that would get bound when x
in o is replaced by B and either (ii-a) no occcurrence of x in o lies within the scope of U,

or (ii-b) B is modally closed.
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B-conversion (Ty2)

((Ax a) (B)) =a/*g|, B does not contain a free variable that would get bound when x in a
is replaced by [.

[Notation: ((Ax a) (B)) >p 0[%] ; transitive closure: >f]

NBI: (Ax a) (x)) >pa;

NB2: B-contraction may increase length; e.g., ifx0Var, ROCON o)) ,£0CON (o)) , €0C0N, -

(Ax R(x)(x)(x)(f(c)(c)(e)) >B R(f(c)(c)(e)) (f(e)(e)(e)) (f(e)(e)(e)))

n-conversion (Ty2 & ITL)
Ax Bx)) =B, ifx OFr(B)

a-conversion (Ty2 & ITL)
(Ax a) = (Ay a[%]) iff no occurrence of x in a lies within the scope of (some) Ay and y [J
Fr((Ax a)).

Definition

(a) aisimmediately reducible to B iff a>pp or a >nf or a>af.
[Notation: a>f ; transitive closure: a>f]

(b) o is normal iff al>P implies a>af.

(c) ais anormal form of Biff al>f3 and B is normal.

Normal Form Theorem (Ty 2)

Every Ty2-formula has a normal form.

Church-Rosser Theorem (Ty2)

If B and B' are normal forms of a, then 3 >a (.

(6.4a) (\x P((\y By)@)))(c) (where x0Var,, , yOVar, , €0Con,, , POCon ), )

(b)  P(Ay Sy)(e)
)  xP@G)(c)

Four observations on [t

. (HoyO>p all

o An ITL-formula a is modally closed iff iO0Fr(a®).
. If o is modally closed, (HHa)O>nall

o If all constants and free variables of a Ty2-formula a of a type in 2T \ IT are of
types in 2T \ IT, then a is logically equivalent to the Fimage of some ITL-formula.

(6.5a) (AL N (=) (where i,j0Var, )

(b) AL AWF (N (F = (Ap p(@)))) (Ap p())) ) (where F'OVar, , ptiVary )
(c) HAFHF=p p)) (Ap Tp))



(6.6) Abbreviations in ITL and Ty2:

Classical Montague Grammar (Zimmermann), NASSLLI 04, UCLA

Notation where is short for

a(B.y) a: a(ab); B,y: a ay)(B)

T (Ax; x) = (Ax x)

O (Ax T) = (Ax x)

sl o: ¢ ¢=0

(Ox) ¢ xOVar;d: t Ax ¢) = (Ax x)

(B5)) xOVar;¢: t A (x)-¢

[ - ] o,y: =1)

[¢ Oy o, p: ¢ (OR; ) [R($.W) - R(T,T)]
[alternatively: (Ofy) [¢ «~ [9) « AW

[¢ Oy o, y: ¢ [-~¢ O -y

[ - Y] o, y: ¢ [ -6 Oyl

ete.

(6.7) Special ITL-conventions:

Notation where is short for
af B} a: s(ad); B: a Ha(B)

af B.y} a: s(a(ad)); Buy: a Da(y)(B)
Oé ¢: ¢ (B ="t
X ¢: ¢ ~[=¢

10
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PART 4: Descriptive Montague Grammar
7. Extensional Constructions

(7.1) Simple constructions

Construction

Corresponding Rule(s)

Example

AN, pred
FPred(A’Ai) B A/p\A'

(FpreasNP,VP,S)

F,,.q(is happy, Mary)
Mary is happy, pred

is ha‘lppy Mary

Fy,(likes, the girl)

Fop(AA) = AM'/A)\IJJA | (F,;,TV,NP,VP) _ likes the girl, obj
likes the girl
Fop(l) = =5 (F 1, Adj,VP) F,(happy) = ™ "oPY
Fpfty) = the %l (F4,N,NP) Faf(girh) = &0
(7.2) Naive type assignment
Category Example (Extension) Type
S Mary is happy; the boy likes the girl t
NP Mary; the boy; the girl e
VP is happy; likes the girl et
TV likes e(et)
Adj happy et
(7.3) Naive lexical translation
Item ITL Ty2
Mary m [OCon,] | m; [=m(@)]
boy B [OCon,, | B;
girl G [OCon,,] | Gi
likes L [OConeep] | Li
happy H [OCon,,] | H;
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(7.4) Naive meaning combinations

Construction Corresponding Polynomial

Fpred Gpred(a’B) = Capp (ayﬁ) [= G(B)]

Fopj Gprea(0,B) = Copy (B0) [= B(0)]

Fcop Gcop(a) =d

Fdef Gdef(a) = Capp (l ,G) (Where l DCOn(et)e) [: |(G)]
(7.5a)| Mary is happy, pred (a') 1?1{)

is happy, cop Mary H "
happy

I Fpred(Fcop(happy),Mary) I
Gpred( |Fcop(happy) | ’ | Mary | )
Gpred(Geop( ' happy |), [ Mary |)

Gpred(Gcop(H)7m)
= Gpreq(H,m)
= H(@m)
(b) the boy likes the girl, pred (b") S(B,IG)
S(®) 1B
likes the girl, oy the bﬂ)y, def S G
boy G
likes the girl, def
g‘i‘rl

= | roq(F ge(bOY)) F o pi(likes,Fy,(girl)) |

= Gyl IFgboy) | F,, (likes,F . (girD) 1)

= Gpred(Gaef | bOY 1),G (1 likes | ,G g A | girl 1))
= Gpred(Gdef(B)7Gobj(L7Gdef(G)))

= Gpred(l(B)7Gobj(L7l(G))’)

= Gpreal(l (B)’L(l (G)))

= Lu(Q) a(B)

= Lau@B)(G)

(7.6) Every boy likes Mary.

Context Principle

The reconstructed extension py of a (in F(a,—)) is a function f that assigns to the ex-

tension of any (relevant) y the extension of F(a,y):

° Pa(H(B) (c) (w)) = pF(a,p)) (c) (w) direct version
° la | (| [3 |) = |F(G,[3) [ indirect version
° lal = (Ax | Fla,x)!) abstract version

12
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(7.7a) levery boy | (|likes Mary |) = ((x) [B(x) - |likes Mary | (x)]
|levery boy | (1is happy|) = (Ox) [B(x) - |is happy | (x)]

levery boy | (IB1) = (Ox) [B(x) - B (x)]
(7.7b) levery boy | = (AQ,; ((x) [Bx) - P(x)]) type ((et)t)[=: q]

(7.8a) levery | (Iboy|) = AQ,; (Ox) [ Iboy | (x) - Q(x)])
levery | (Igirll) = (AQ,; (Ox) [ girl| (x) - Q(x)])

levery | (IB1) = AQ,; (Ox) [I1B1(x) - Qx)])
(7.8b) levery| = (A\P,; (AQ,; (Ox) [P(x) - Q(x)])) type (et)q

(7.9a) | every boy or every girl | (|likes Mary | )

[(Ox) [Bx) - Ilikes Mary | (x)] 0 (Ox) [G(x) — |likes Mary | (x)]]
| every boy or every girl | (| is happy |)

[(Ox) [B(x) - lis happy | (x)] O(Ox) [G(x) - |is happy | (x)]]

|levery boy | (131)

[(Ox) [B(x) - 1B1(x)] O(Ox) [G(x) - IB]x)]]
7.9b) | every boy or every girl |

(AQ[([x) [Bkx) Q)] 0([) [Gx) -~ Q)]]) type g

(7.10a) lor| (| every boy |) (| every girl|)

= (MQyl(x) [B) - Q)] O(Mx) [G(x) -~ QW)]])
= AQ [ every boy | (@)] O | every girl | (@)])
lor|(levery boy ) (| some girl|)

AQ[(Cx) [Blx) - Q)] O (D) [Glx) DQW)]])
(AQ,/[ | every boy | ()] O | some girl | (@)])

N

lor [(I1B1) (1y1) =AQ[IB1(@)] O 1y (@)])
(7.10b) lor | = AU (gps AB (5 AQ[TB(Q)] OAWQ)]))) type q(qq)
(7.10) IMary or every boy |

= (AQ,[Qm)] O0(Ox) [Bx) - Q)]])
% AQ,[ | Mary | (@)] O | every girl | (@)]) wrong type (e vs. q)
(7.11a) |IMary | (llikes Mary |) = |likes Mary | (m)

|Mary | (lis happy!) = |is happy | (m)

|IMary | (IB1) = IBl(m)
(7.11b) I Mary| = A\Q,; Q(m)) type q

13
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(7.12) Revised rules and constructions

Construction

Corresponding Rule(s)

Example

Fpred(AaA') = -

, pred
A'

(FpreqsNP,VP,S)

F,..Mary ,is happy)
Mary is happy, pred

Mary is ha‘xppy

(F preq,Det,N,NP)

F,.q(the,girl)
the girl, pred
/\

the girl

Fcoord(A’A"A”)
AANA", coord

Al A"

(F

coord>

NP,Conj,NP,NP)

F,..q(every boy,or,Mary)

every boy or Mary, coord

every boy or Mary
|

(F VP,Conj,VP,VP)

F,..q(likes Mary,or, is
happy)

coord>
_is happy or likes Mary, coord
is ha‘lppy or likes Mary
_ isA cop . is happy, cop
F,0) = =% (F0p,Adj,VP) Feop(happy) = o Loy
o Flikes, the girl)
Fobj(AaA') — A AAObJ (FObJ>TV7NP7VP) _ likes the girl, oby

likes the ‘girl

(7.13) Revised (and expanded) type assignment

Category (Extension) Type
S t

NP q

VP et

TV e(et)

Adj et

Conj 9qq)
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(7.14) Lexical translation: revisions and additions

Item ITL

Mary AQ,; Q(m))

or AU (or)r WV o5 AQe[ V(@] O@)])))

every AP, AQ, () [Px) ~ QW)]))

some (AP, AQ,; (Cx) [P(x) DQ(x)]))

the APy (AQ; (T¥) () [[PG) « (x=)]1 0Qw@)])

(7.15) New meaning combinations

Construction Corresponding Polynomial

Fyred Gprea(@,B) = Capp (a,B) [=a(B)]
Feoord Goord(@,B,Y) = Capp (Copp (By),00 [= B(y)(@)]
M Geop(@) =0

Foy, Caps (x, Copp (B, Cabs (0, Copp (Cpp (01,3),))))

[= Ax BAy a(x,y)))]

8. Intensional Constructions

Attitude verbs

(8.1a)John thinks that Mary is happy.

(8.1b) Mary is happy.
(8.1c) Every boy likes Mary.
(8.1d)John thinks that every boy likes Mary.

Opaque verbs

(8.2a)John is looking for a book on Clinton.
(8.2b) Every book on Clinton is a book by Clinton.
(8.2c) John is looking for a book by Clinton.

Core-intensional verbs

(8.3a) The temperature is rising.
(8.3b) The temperature is ninety.
(8.3c) Ninety is rising.

(8.4) Attitude reports: type assignment

Category (Extension) Type
AttV (st)et)
Prop st

15
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(8.5) Attitude reports: additional rules and constructions

Construction

Corresponding Rule(s)

Example

Foreqg(DA) = fAAP’"ed (F preq-AttV,Prop,VP)

Al

F,eq(thinks,that Mary is

happy)
thinks that Mary is happy, att

thinks that Mars‘f is happy

Fthat(A) = that i’ that (Fthatas,Prop)

Fy,.Mary is happy)
that A, that

(8.6) Attitude verbs: lexical translation

Item ITL

Ty2

thinks T

[ DCon(st)(et)] Ti

believes | A\p Ax \g O [0g - Dp])(Bx)))

[BOCongy)]

(p O () [B;)G) - py]

(8.7) Attitude verbs: additional meaning combination

Construction

Corresponding ITL-Polynomial

Corresponding Ty2-Polynomial

F that

Gpred(a) = Ccap (G) [= Eb]

Gpred(a) = Cye T,a) [= (i 0)]

(8.8) John is-trying-for-it-to-be-the-case that John finds a book on Clinton.

(8.9a) Iseeks | (|abook|)
= (Ax Itries | (x,2 (Oy) [B(y) O | finds | (x,y)])

(Ax Itries | (x,0Ula book |{\y |finds| (x,y))})

|seeks | (1B1)=(Ax Itries | (x,HEIBI{Ay |finds | (x,y))})
(8.9b) | seeks | = AU p) (Ax [tries| (x,0 ANy |finds| (x,y))})

(8.10) Opaque verbs: revised type assignment

Category

(Extension) Type

TV

(sq)(et)
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Classical Montague Grammar (Zimmermann), NASSLLI 04, UCLA

Construction

Corresponding Polynomial (ITL)

Corresponding Polynomial (Ty2)

F oy

Gobj(aaB) = Capp (aaccap (B))
[=a(@)]

Gobj(aaﬁ) = Capp (O(,Cabs @,B)
[= a(Ai B)]

(8.11) Transitive verbs: revised lexical translation

Item |ITL Ty?2

seeks | (A2 (Ax |tries | (x,0%\y F(x,y)}) A (\x Ti(x, Nj Ay Fx,p))))
(FOCoM e,

finds | (A2 (Ax 2{Ay Fx,)})) AU (Ax A,y F(x9))))

likes | (A2 (Ax A{Ay L(xy)})) AU (Ax A; Ay Lix,))))

is AU (x WAy (x =3)}) AU (\x A;(Ay (x =))))

(8.9a) Mary is looking for a [certain] book on Clinton.
(b) (Ov) [ book on Clinton | (x) O | tries | (m,H F(m,x))]

(8.10) Scope construction

(x0Var,)

A A

(F proqsNP,S,9)

Construction Rule(s) Example
F oo D) = W Fyeope (2 book Mary seeks x)

Mary seks a book, scope,x

a book

‘ Mary s‘eeks x

(8.10) Variables in the lexcion

Item ITL

Ty2

x (AP P(x))

(AP P(x))

(8.11) Scope: meaning combination

Construction

Corresponding Polynomial (ITL and Ty2)

F

scopex

Gscope,x(aaB) = Capp (G7Cabs (x,B))

[= a(Ax B)]

(8.10) AU () <t O(Ok) (OR" [j<k<k'si —» Apx Ap Ny x<y)]]
O (@ 00k (Ok) [i<k<k'sj - ApAx ANy x< y)]1II

(8.11) The temperature is ninety and it is rising.
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