Classical Montague Grammar (Zimmermann)

(This course covers essentially the content of [Montaguel970] — with some small
changes and additions.)

Part I
Syntax-Semantics Interface

1 Syntax

(1.1) IfAy, ..., A, are deep structure of the corresponding syntactic categories k1, ..., Ky,
then the result of applying the (n-place) syntactic construction C to (Ay, ..., A;)
will be a deep structure of category k1.

Notation: (C, K1, ..., Kn, Kn+1)
(1.2) old men and old women

(1.3) N

Adj N
T
old
N Conj N
| | |

men and women

(USC) Uniqueness of Structure Constraint on an algebra (%, (C;);er):
If Ci(A1,....,An) = Cj(A},...A), theni = j, and (Ay,...,An) = (A, .., A})
(and hence C; = Cj,m =n, Ay = Al,..., Ay = A},

(1.4) (v(agj old)agj (v(v men)y (conj aNd)con; (v WOMEN) N )N )N

(1.5) £John €seeks a £horse such v, that £it v; speaks E¥ > E

(1.6) John seeks a unicorn, 4

John seeks a unicorn, 5

seeks a unicorn, 2

unicorn



Definition
A (deep) syntax is a quintuple (Z, (Cy);er, (L )rek, R.S), where
e (%, (Cy)jer) statisfies (USC);

* the Lexikon [J Lj generates the set X of (syntactic) structures;
keK
(i.e. no lexical item is a value of an operation C; and X 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; € K[ategories];

¢ S[entence]e K.

If A € ¥ and k*e K, then A is of category k* if:

either A € Lg. (in which case A’s rank p(A) is 0),

or A = Ci(Ay, ..., Ay,) (and thus p(A) = max(p(Ay), ..., p(Ay)) + 1), Ay, ..., A, are of
categories ki, .., k,, respectively, and (C;, ky, ..., k,,, k*) € R.

2 Compositionality

(2.1) The meaning of a complex expression can be determined from the meanings of
its parts.

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

(2.3) C(A,A") = ‘(A and A’)’, whenever A and A’ are structures

24) If C(Ay,...,Ay) is a structure, then its meaning is uniquely determined by the
meanings of Ay, ..., 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 C(Ay, ..., A;) is
M (by, ..., by), where by is A|’s meaning, etc.

(2.6) u(C(A,....;An)) = M(pu(Ay), ..., u(Ap))
2.7 Jones knows that S, C,
Jones Kknows that S, C;
/\
knows that §
(2.8) Mo(u(Jones), M (u(know), u(that S)))
2.9) u(Jones knows that S), Cy

u(Jones)  p(knows that S), C;

u(knows)  u(that S)



(2.10) u(Jones knows that S’), Cy

u(Jones)  u(knows that S'), C;

u(knows) u(that ')

(2.11) u(that S) = u(that S”)
= u(Jones knows that S’) = u(Jones knows that S”)

2.12) L1 =1{0,..,9: L, =0 (n# 1); C, (A, A) = [,AA'T;
R={(C,, I,n,n+1)|n > 1}.

(2.13) Mp(x,y) = 10"x +y
(2.14) u(G(7,C1(1,2)))

My (u(7), p(C1(1,2)))

Mo (u(T), My (u(1), u(2)))
M>(7, M (1,2))

102x7+10x1+2

=712

Definitions
Givenasyntax (Z, (C;)ier, (Lx)kek, R.S), acorresponding semanticsis atriple (B, o, (M;)ier),
where B is some non-empty set; po : |J Lx — B; and (M;);¢y is similar to (C;);e;.

keK

Given any A € X, then either A € Lg.. and its meaning (according to (B, uo, (M;);er))
is up(A); or else A = C;(Ay,...,A,) and its meaning [...] is u(C(Ay,...,A,)) =
M(u(Ay), ..., u(Ay)), where p(Ay), ..., u(A,) are the respective meanings [...] of
A, . A,

(2.15) (Ax)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) (Vx)P(x)

(2.19) There exists a function f which can be applied to pairs consisting of syntactic
constructions and sets of meanings such that the meaning of a complex structure
A of the form C(Ay, ..., A,,) equals the value f(C,b[X]), where X is some set of
structures of ranks less than A.



Part 11

Meaning and Reference

3 Local Perspective

3.1
Syntactic Extension
Category Type of extension Example of example
proper name individual (bearer) Fritz Fritz Hamm
definite individual the fifth- Nice
description (described) biggest city of
France
count nouns set (of individuals) table set of tables
intransitive verb | set (of individuals) sleep set of sleepers
transitive verb set of pairs eat set of pairs
(of individuals) (eater, food)
ditransitive verb set of triples give set of triples

(of individuals) (giver, recipient, gift)
sentence truth value snow is white 1
(@ or {0})

(3.2) Jones knows that snow is white.

(3.3) Jones knows that grass is green.

(3.13)

sentence

that-clause

| extension |

| intension |

| extension |

truth-value

(3.14)

/

function from W to {0.1}

(iii) I, = E(s,u); M, = Iac-

(iv) A point of reference is an element of W x C.

(v) A property is an element of I;.

(vi) P is asubproperty of Q iff P(w) C Q(w), forany w € W.

@) {t,e} CIT and {(a, b), (s,b)} CIT, if {a, b} C IT.
(i) B = (0,1}, Ec = U, E(p) = E}*, E(s py = EVY

extensions

intensions and meanings

types



Definition

A local (Fregean) language is a quintuple (&, f, (M;);er, to, A), where

E = (%, (Cier, (Lk)kek, R,S) is a syntax;

f : K — IT is a function (type assignment) such that F(S) = t;

e uo: U Ly = U M, is a function (lexical meaning assignment) such that
kekK a€elT
Ho(0) € M, whenever 6 € Ly and f(k) = a;

(M;); e is afamily of meaning operations (similar to (C;);¢y) such that M; (b, ..., b,) €
Mf(ko) whenever b] € Mf(kl)» ceey bn € Mf(kn) and (M,', kl, ceey kn, k()) € R.

* A € W x Cis the diagonal or set of utterance points.

= If Ais of category k, then A’s meaning is in My ).

(3.15) M(by,....by)(c)(w) = M’ (by(c), ..., by (c))(c)(w)
(3.16) M(by,...,b,)(c) = M’ (bi(c), ..., b, (c))(c)
(3.17) 6 is deictic iff u(6)(c)(w) = u(6)(c)(w’), for all w,w’ € W.

(3.18) & is a hyponym of 6’ (in a local language L) iff 1o(8)(c)(w) is a subproperty of
reference

Ho(8”)(c)(w) whenever (c, w) is a point of utterance

(3.19) ¢ of category S is an a priori truth iff u(¢)(c)(w) =1, for all (w, c) € A.

4 Global Perspective

(4.1) The meaning of pebble is that (local) meaning b of type (e, t) such that for any
point of reference (w, ¢) and any individual x the following holds:
1, if x is a pebble with respect to the relevant paramters of < w, ¢ >;
b(e)(w)(x) = D P P
0, otherwise.

(4.2) The meaning of stone is that closed meaning b of type (e, ) such that for any
point of reference (w, ¢) and any individual x the following holds:

1, if x is a stone with respect to the relevant paramters of < w, ¢ >;
0, otherwise.

b(c)(w)(x) = {

Definition

(1) An ontology is a pair (E, C) where C # () and there are non-empty sets D and W
such that E = (E,),err 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 rdles of extensions
and contexts.



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

deictic deictic
@iv) dis { a hyponym of &’ } in a global language iff § is { a hyponym of ¢’ }
an a priori truth an a priori truth
in 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, ¢) and (w’, ¢”) such that u(p)(c)(w) = 1and u(p)(c’)(w’) =
0, where uy (o) is the meaning of uy (¢) according to L.

(4.4) ¢ of category S is independent of i of category S (in a given [ersatz] local
language) iff {ur(¢)(c)(w), ur,(W)(c)(w) | (w,c) is a point of reference of L}
has 4 members.



Part 111
Indirect Interpretation

5 Translation

6D
English Logic
structure category | |structure| type
book N B et
cheap Adj C et
(v (agjcheap), (v book)) | N [Ax[C(x) A B(x)]] et
[= Finoa(cheap,book)] [= Fa(x, Fa(Fapp (Cx), Fupp(Bx)))]

(5.2) |Fnoa(A A = Fa(x, Fa(Fapp (A, X), Fapp (A X))) where x is a fixed variable

(5.3) A syntactic polynomial (over a given syntax) is a term of the form F (Xjy, ..., X3 ),

54

where F is the (unique) name of an n-place syntactic construction (of that syntax)
and each X; is either itself a syntactic polynomial (...), or a meta-variable (stand-
ing 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.

—_ —_y

A translation from a syntax 2 = (Z, (C)ier, (Lr)kek, R,S) to a syntax E' =
(' (CDiers (Ly)kek» R'.S") is a triple (g, 1, (Ti)ier), such that:

g : K — K’ is a function (category assignment) such that g(§) = S’;

t: |J Lg — X’ is a function (lexical translation) such that 7(§) is a structure of
keK
category g(k) in E” whenever 6 € Lg;

(T;)ier is a family of derived constructions on ZE’ that is similar to (C;);er;

if (Ci,ky,....kn, k™) € R and Ay, ..., A, are structures of the respective cate-
gories ki, ..., k,, then T;(Ay,...,A,) is of category g(k*). Given any A € X,
then either A € Li-+ and its translation |A| (according to (g, ¢, (T;)ier) is t(A); or
else A = C;(Ay,...,A,) and its translationtranslation [...] is |C;(Ay,...,An))| =
T:(|Atl, ..., |Anl), where |Aql,...,|A,| are the respective translations [...] of
AL, LAy




6 Intensional Type Logic (ITL)

(6.1) The variables of ITL form a family (Var,),err of pairwise disjoint, infinite
sets; the constants of ITL form a family (Cong)aerr of pairwise disjoint sets;
the syncategorematic expressions form the set {A(,),=",Y}. No variable is a

constant or a syncategorematic expression, etc.
The syntax of ITL is a quintuple (X, (C;);er, (Li )kek, R, t), Where:

* ¥ consists of (finite) strings over |J Con, U | Var, U{A,(,),=",Y}
a€elT a€elT

* [ ={app, abs,id, cup, cap};

o Copp(AA") = AA'); Caps (A, A') = (AAA'); Cia (A A') = (A = A');
Ccup(A) = (VA); Ccap(A) = (AA)§

e K =ITU{(VAR, a)|a € IT};
e Ly =Var, UCony if k € IT; L, = Var, if k = (VAR, a);

° R = {(Capps (a7 b)? a, b)las b € IT} U {(Cabsv ((VAK a)a b9 (Cl, b)|a, b € IT} U
{Cid7 a, a,t)|a € IT} ) {Ccup’ (s7 a)’ a)|a € IT} ) {Ccap7 a, (S, a))|a € IT}

An ITL-ontology is a pair (E, C), where E = (E,) <1t satisfies the equations (3.14)(ii)
and C is the set of variable assignments, i.e. the set of functions
h: U Var, —» |J Eg suchthat h(x)e E, whenever xe Var,.

a€elT a€lT
A local (ersatz) language of ITL is a Fregean langugage (5, f, (M;);er, o, A) based on
an ITL-ontology (E, C) where

* = is the syntax of ITL;
* f(a) = f((VAR,a)) = a, for any a € IT;

e forany b,b’ € |J E4 w,w’ € W, and h € C the following hold:
a€lT

Mpp (b, 6")(h)(w) = b(h)(w)(b'(h)(w)) whenever b € M, , and b’ € My;
Maps(po(x), b)(h)(w)(u) = b(hlx/ul)(w) if x € Varg,uq, and b € Mq,p),
where hlx/u] = (h\{(x, h(x))}) U {(x,u)};

M;q(b,b")(h)(w) = {0|b(h)(w) = b’(h)(w)} whenever b, b’ € M,;

My, (b)(h)(w) = b(h)(w)(w) whenever b € Ms 4);

Meap (D)(h)(w)(w') = b(h)(W').

e uo(c)(h)(w) = uop(c)(h’)(w) whenever w € W, h,h’ € Candce |J Cong;
aclT

Ho(x)(h)(w) = h(x) wheneverw € W, h € Candxe |J Varg;
a€elT

*c A=WxC.

If M is a local language of ITL, « is an ITL formula (structure), u(e) is a’s meaning
[a]M-"" according to M, h € C, and w € W is: u(a)(h)(w).

Given a local ITL-language M, the exists a function F : |J Con, — |J I, such
aelT aelT
that F(¢) € I, whenever ¢ € Con, and such that the following hold:



() [a]™-8" = F(a)(w), if @ € Cong;
(i) [a]™-&Y = g(a),if @ € Var,;
(i) [a]™:8" = [a;]M-8" = ([a]M-8"), if a = a1 (@2);
iv) [a]*&Y = {(u, [a;[M-8/“bW) |y € Dy}, if @ = (Ax @) und x € Vary;
V) [a]M &% = fullu = 0 and [a,JM" = [y "} if @ = (a1 = @2);
i) [a]¥8 = [ar]M8 v (w), if e = (Yar);
(vii) [o]M&" = (W', [ar]?E )W € W) if @ = (Man(.

(6.2) If @ and @’ are ITL-formulae of the same category, then « and a’ are logically
equivalent if [a]™-&" = [a’M-8" for any local ITL-languages M, worlds w
and assignments g. Notation: @ = o’.

(6.3) AnITL-formula « is modally closed if (i-a) @ € |J Varg;or (i-b) @ = "“a (for

aclT
some f3), or (ii) there are modally closed @ and @» such that (ii-a) @ = a;(a»),

or (ii-b) @ = (Adajay), or (ii-¢c) @ = (a1 = a»).

Down-Up Cancellation [Gallin1975]
VAaq = a, for all ITL-formulae a.

Up-Down Cancellation

Ao = a, if @ is modally closed (and of a category (s, a)).

(6.4) Abbreviations in ITL and Ty2:

Notation | where is short for

a(f,y) | a: a(ab); B,y: a | a(y)(B)

T (Axsx) = (Ax x)

€L Ax T) = (Ax x)

g p:t (p=1)

Vx)e xeVar;p: t Ax ) =(AxT)

(Ax)p xeVar;p: t ~(Vx)—e

[peoyl | oyt (p=y)

Ayl | o9t (YR ¢1))[R(p,¥) & R(T,T)]
[alternatively: (Vfi)lp © Lf(¥)  f@)I

[eVvyl | oyt [-p A Y]

-yl | oyt [-p VYl

etc.

(6.5) Special ITL-conventions:

Notation | where is short for
a{B) a: s(at);B: a Ya(p)
a{Byl | a: s(a(at)); B.y: Ya(y)(B)
O¢ Pt ("e="T)
Op p:t -0-e




(6.6) (Ax.O(x =d))(c) #U(c =d)

Restricted 3-conversion (ITL) [Gallin1975]
((Axa)(B)) = a[x/pl], if (i) B does not contain a free variable that would get bound
when x in « is replaced by 8 and either (ii-a) no occcurrence of x in « lies within the
scope of *, or (ii-b) B is modally closed.

Two-sorted Type Theory

2T contains £, e, and s and all pairs (a, b) such that a,b € 2T. (Vary)gzear and
(Cong)aear are analogous to ITL, but the only syntactic constructions are Cypp, Caps,
and C;4.

B-conversion (Ty2)
((Axa)(B)) = al[x/B], B if does not contain a free variable that would get bound when

x in « is replaced by S.

[Notation: ((Axa)(B)) >p alx/B]1]

NBI: ((Axa)(x)) >p a;

NB2: f-contraction may increase length; e.g., if x € Vare, R € Cong(e(er)), f € Cong(e(ee))s
ce Cone:

(AxR(x)(x)(x)) (E(e)(e)(c)) >p R(f(c)(c)(e))(f(c)(e)(e))(E(c)(e)(e))

n-conversion (Ty2 & ITL)
Ax B(x)) = B;iftx ¢ Fr(B)

a-conversion (Ty2 & ITL)
(Ax @) = (Ay a[x/y]) ift
no occurrence of x in « lies within the scope of (some) Ay and y ¢ Fr((dxa)).

Definition

(a) «a is immediately reducible to 3 iff
a =y[x/61], B =vyl[x/d2] and: [61 >4 62 Or 61 >g O3 Or 61 >; 03]

for some y, &1, 82 and variable x (of the appropriate types)
[Notation: @ > ; transitive closure: a > ]
(b) a is normal iff @ > B implies a >4 B (where > is the transitive closure of > )

(c) Bisanormal form of « iff @ > S and B is normal.

Normal Form Theorem (Ty2 & IL)
Every Ty2-formula has a normal form.

Church-Rosser Theorem (Ty2)
If B and B’ are normal forms of @, then 8 >, B’

(6.7a) (/le((/ly (Ay))(x)))(c) (where x € Varge,y € Vare,c € Conge, P € Conggeyr)

(b) P((Ay ("y))(c))

(© (Ax P((Ax)))(c) [Friedman and Warren1980]

10



Gallin’s translation (i is a fixed variable in Vary) [Gallin1975]

(i) ¢* =c(i),if ¢ € Cong;
(ii) x* = x,ifx € Varg;
(iii) a(B)" =" (B);

(iv) (Ax @)* = (Ax a*);

W) (@=p)" =(a" =p");
i) Va* = a*(i);

(vii) Ma* = (Ai a¥).

Four observations on *: [Gallin1975]; [Zimmermann1989]

s (M) >p a*.
e An ITL-formula « is modally closed iff i ¢ Fr(a™).

* If @ is modally closed, (V@) >, a*.

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

(6.82) (Ai(Aj(@ =j)) (where i, j € Varg)
(b) (UQAF(A(F = (Ap p())))((Ap p(D)))) (where F € Varseye, p € Vars,)
© “@AF “(F =@p ('p))))(@p ('p))))

11



Part IV
Descriptive Montague Grammar

7 Extensional Constructions

(7.1) Simple constructions

Construction | Corresponding Rule(s) Example
Fpred(Aa A) = Fpred(is happy, Mary) =
AN, pred (Fprea; VP,NP,S) Mary is happy, pred
Yy P
A A Mary is happy
|
Fopj(AA') = F,pj(likes, the girl) =
AN, obj (Fopj»TV.NP,VP) likes the girl, obj
PN ,
A A likes the girl
|
Feop(A) = Feop(happy) =
is A, cop (Feops Adj, VP) is happy, cop
\ |
A happy
Faef(A) = Fep(girl) =
the A, def (Fyef, N, NP) the girl, def
\ \
A girl
(7.2) Naive type assignment
Category | Example (Extension) Type
S Mary is happy; the boy likes the girl | ¢
NP Mary; the boy; the girl e
VP is happy; likes the girl et
TV likes e(et)
Adj happy et
N girl; boy et

(7.3) Naive lexical translation

Item Example Ty2

Mary | m [e Cone] | m; [=m(@)]
boy B [€ Cones] | By

girl G [€ Conet | Gi

likes | L [€ Coneen)] | Li

happy | H [€ Cone] | Hi

12




(7.4) Naive meaning combinations

Construction | Corresponding Polynomial

Fpred Gpred(a'a B) = Capp(ﬁ’ a) [= B(a)]

Fr)bj G(}hj(a's B) = Capp(a'v B) [= Cl(ﬁ)]

Fcop Gcop(a) =a

Faer Gaef(a) = Copp (1, @) (Where t € Conger)e) [= t(a)]

Mary is happy, pred (@) H(m)
N
m

| i
happy

(7.5a) | Mary is happy, cop

= |Fprea(Mary, F., (happy))|

= Gprea(|Maryl, |F,p(happy)|)

= Gprea(|Mary|, Gop(|happyl))

= Gprea(m, Gop(H))

= Gprea(m, H)

= H(m)

the boy likes the girl, pred (b)) L(B,(G)
lB/L\(lG)

the boy, def likes the girl, obj \ P
(b) | P B L G

boy likes the girl, def (\;
gi‘rl

= |Fprea(Faer(boy)), Fopj(likes, Fyr(girl))|

= Gprea(|Fae(boy)|, | Fopj(likes, Fy.p(girl))|)

= Gprea(Gaef(|boy|), G opj(|likes|, Gor(|girl|)))

= Gpred(Gaef(B), Gopj (L, Ger(G)))

= Gprea(t(B), Gop(L, t(G)))

= Gprea(t(B), L(«(G)))

= L((G))(«(B))

= L((B), «(G))

(7.6) Every boy likes Mary

13



Deriving functional extensions [Frege1891]

The reconstructed extension p, of @ (in F(@,—-) is a function f that assigns to the
extension of any (relevant) S the extension of F(«a, ):

* Pa(u(B)(c)W)) = u(F(a, B))(c)(w) direct version

 lal(B8D = |F(a, B indirect version

* lal = (Ax |F(a, BIP!/ 1) abstract version
(7.7a) |every boy|(]likes Mary|) = (Yx)[B(x) — |likes Mary|(x)]

(7.7b)
(7.8a)

(7.8b)
(7.9a)

(7.9b)

(7.10a)

levery boy|(lis happy|) = (Vx)[B(x) — [is happy|(x)] ...

levery boy|(|58]) = (Vx)[B(x) — [Bl(x)]

levery boy| = (1Qe¢ (Yx)[B(x) — Q(x)]) type ((et)t)[=: q]
levery|(|boy|) = (AQe¢ (Yx)[Iboyl(x) — Q(x)])

levery|(|girl]) = (1Qe (Yx)[Igirl[(x) — Q(x)]) ...

levery|(IB]) = (AQe: (YX)[IBI(x) — Q(x)])

levery| = (APt (1Qe: (VX)[P(x) — Q(x)]) type (et)q
levery boy or every girl|(|likes Mary|)

[(Vx)[B(x) — [likes Mary|(x)] V (Vx)[G(x) — |likes Mary|(x)]]

levery boy or every girl|(|is happy]|)

[(Vx)[B(x) — lis happy|(x)] vV (Yx)[G(x) — lis happy|(x)]] ...

levery boy or every girl|(|3])

[(Vx)[B(x) — |Bl(x)]V (YX)[G(x) — [Bl(x)]]

levery boy or every girl|

(AQet[(Yx)[B(x) — Q(x)] V (Yx)[G(x) = Q(x)]]) type ¢
lor|(levery boy|)(|every girl|)

(AQet[(Yx)[B(x) — Q(x)] V (Yx)[G(x) = Q(x)]])

(21Qe¢[levery boy|(Q) V |every girl|(Q)])

lor|(levery boy|)(|some girl|)

(AQet[(Yx)[B(x) — Q(x)] vV Ax)[G(x) — Q(x)]])

(2Qe¢llevery boy[(Q) V |some girl[(Q)]) ...

lor[(IBD (YD = (A0 [1BI1(Q) V |¥I(Q)]D

14



(7.10b) [or| = (AU(er)r (AB(er)e (AQe [B(Q)] V [A(A)])))
(7.11) |Mary or every boy|
= (10 [@(m) vV (YX)[B(x) — Q(x)]ID
% (1Q./[|Mary|(Q)] V |every girl|(Q)])

(7.11a) |Mary|(|likes Mary|) = |likes Mary|(m)
[Mary|(|is happy|) = |is happy|(m) ...
[Mary|(|8]) = |B|(m)

(7.11b) [Mary| = (1Q,;Q(m))

15

type (¢99)q

wrong type (e vs. q)

type q



(7.12) Revised rules and constructions

Construction Corresponding Rule(s) | Example
Fpred(Mary’ is happy)
Forea(A,A') = AN, pred | (Fprea,NP,VP,S) = Mary is happy, pred
PN
AN Mary is happy
|
Fyrea(the, girl)
(Fpreqa;Det,N,NP) = the girl, pred

the girl

Fcoord (A, A/, A”)
= AA'A”, coord

A Al AII

(Fc()()rd,NP,COHj,NP,NP)

Fcoord(every boy, or Mary)
= every boy or Mary, coord

every boy or

Mary

(Feoord> VP,Conj,VP,VP)

Feoora(likes Mary, or, is happy)
= is happy or likes Mary, coord

is happy or
\

the girl

Feop(A) =is A, cop

|
A

(Feop,Adj,VP)

F.p(happy) = is happy, cop
\
happy

Fobj(Aa A/) = AA/, Obj

P
AN

(Fobj, TV,NP,VP)

Fop(likes, the girl)
= likes the girl, obj

likes the girl
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(7.13) Revised (and expanded) type assignment

Category | (Extension) Type
S t

NP q

VP et

TP e(et)

Adj et

Conj q(q9)

(7.14) Lexical translation: revisions and additions

Item ITL

Mary | (4Q¢¢Q(m))

or (AW(er) (ABer)e (106 [B(Q) V A(Q)])))

every | (APgs(1Q¢ (Vx)[P(x) — Q(x)])

some | (APgt (AQ¢: (Ax)[P(x) A Q(x)]))

the (APet (A0 (Ax)(VY)[P(y) © (x = y)I A Q(x)])

(7.15) New meaning combinations

Constructions | Corresponding Polynomial
Fpred Gpred(aa ﬁ) = Capp(a', B) [= a(ﬂ)]
Feoord Geoora(@, B,y) = Capp(capp(ﬁ’ Y),a) [= B(y)(a)]
Fcop Gcop(a') =
Fobj Cabs (x, Capp (IB’ Capp (y’ Capp (Capp ((I, y )’ x))))
[= (Ax B(dy a(x,y)))]
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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) Every book by Clinton is a book on Clinton.
(8.2d) 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
AtttV (et)(et)
Prop st

[Montague1973]

(8.5) Attitude reports:additional rules and constructions

Construction

Corresponding Rule(s) | Example

Forea(A,A") = AN, pred

P
AN

(Fprea-AttP,Prop,VP)

Fyreq(thinks, that Mary is happy)
= thinks that Mary is happy, at?

thinks that Mary is happy
|

[B € Con(es,)]

Finar(Mary is happy)

Finat (A) =that A that | (Fipa:,S,Prop) = thatA, that

\ \

A A

(8.6)

Item ITL Ty2
thinks T [E CU”(st)(et)] Ti
believes | (Ap(Ax(1g O["qg =" pD(B(x))) | (ApAx(¥))[B;(x)(j) = p;l

(8.7) Attitude verbs: additional meaning combination

Construction | Corresponding ITL-Polynomial

Corresponding Ty2-Polynomial

Fthat

Ghar (@) = Ccap (@) [=" o]

Ghat (@) = Caps(i, @) [= (A )]

Fatt

Gari(@, B) = Capp(@, B) [= a(B)] | Gari(@ ) = Capp(a; B)
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(8.8) John is-trying-for-it-to-be-the-case that John finds a book on Clinton.

(8.9a) |seeks|(|a book]|)

(Ax |tries| (x," (3y)[B(y) A Ifinds]| (x, y)])

(Ax |tries| (x, (" (" |a book|){y [finds| (x,y)})))

Iseeks| (| 8]) = (Ax |tries| (x, ("(" |B]){Ay [finds]| (x,y)})))
(8.9b) [seeks| = (AU ((er)r) (Ax |tries| (x, A{Ay [finds| (x,y)})))

(8.10) Opaque verbs: revised type assignment

Category | (Extension) Type
TV (sq)(et)

(8.11) Opaque verbs: revised meaning combination

Construction | Corresponding Polynomial (ITL)

Corresponding Polynomial (Ty2)

[=a("B)]

Fobj Gobj(a'v B) = Capp(a7 Ccap (8))

Gobj(av B) = Capp((la Caps(i, )
[= a(dip)]

(8.12) Transitive verbs: revised lexical translation

Item ITL

Ty2

seeks | (AA(Ax |[tries| (x," W{Ay F (x,y)})))
(F e Cone(et))

(AU Ax T (x, 4j A; (2y F(x,y)))))

finds | (AA (Ax A{Ay F (x,y)}))

(AA Ax Az (Ay F;(x,y))))

likes | (AU (Ax A{Ay L (x,y)}))

(A Ax A; (Ay Li(x,y))))

is (AU (Ax WAy (x = y)})

(AA Ax A (Ay (x = y)))

(8.13a) Mary is looking for a [certain] book on Clinton.

(b) (Ix)[|book on Clinton|(x) A |tries|(m,"F(m,x))]

(8.14) Scope construction

Construction Rule(s) Example

Fscope,x (A A") = N[x/A), scope, x Fscope,x (a book, Mary seeks x)
PN
A N

(x € Vare) (Fscope,x» NP, S,S) | = Mary seeks a book, scope, x

abook Mary seeks x

(8.15) Variables in the lexicon

Irem | ITL Ty2
x (AP(P(x)) | (AP(P(x))
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(8.16) Scope: meaning combination

Construction | Corresponding Polynomial (ITL and Ty2)
Fscope,x Gscope,x (a, B) = Capp(a, Caps(x, B)) [= a(Ax B)]

®.17) @HEK <i <k A (Bj < h < k > Widx. Yy(Ay. x < y)) A
Ap (Ax. g (Ay. x < y))]

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