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Background

John seeks a unicorn.
(P(Alohna ®(Aseeks’Aa unicorn)
Q(Aa unicorns AJ()hn seeks _)

[EA...A)] = 1A T - A,

[P]Ce.PY@) = Px) = P()(x())
[[(P(Alohn ’A seeks a unicurn):l]i = 1

[[GP(AJuIm ’Aseeks a unicam)]] A(l) = 1 notation: [[A]]’ = [[A]] A(l)
[[GP]]([[AJohn]]A’[[Aseeksa um’com]] A)(l) = 1 (2)
[[Aseeks a unicorn]] A(l)( [[AJ()hn]] A(l)) = 1 (3)
[[A seeks a uni('()rn]] i([[AJ()/m]] i) = 1 notation
[OIR.0)@ = R(Q) R of type (s.((s((e.£).£))(e.1))., Q of type (s.((e.0).0). iED,

[[GP(AJ()/’H] 5A seeks a um'zrarn)]]i = 1

[A et unicorn]] DA ] @) = 1 @
[OA seerssB g wnicord) I DA ] () = 1 def. Ayt o o
LOTMA werd) ] T A ks amicorn] Y[ A o] @)) = 1 @
[A )T DAA s wnicorn] YA s ]) @) = 1 )
[ A ] LA wiicorn]) D = 1

Uniform extensionality

[, A0] = [AT AT

[on,a)] =[A T[]

Definition
A construction ¥ (of n places) is extensional iff, at any point i€Dy, the extension of

an expression of the form F(A;,..., A,) at i, is determined by the extensions of its
immediate parts at i,1.e.:

. [EA ... A)] = [BA.... A D] whenever [A, = [A"]...[A]= [aL]
for any (appropriate) expressions Ay, A'y,..., Ay, A'y.

Definition

A semantic operation €1 is extensional iff for any €Dy

. [Elxrse . )@@ = [E] e . X)) whenever x1 () = x'1 ()., X, (i) = x5 (0),
for any (appropriate) intensions xy, X'1,..., X, X'5.
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Facts

F is extensional iff for any /€Dy there is an operation [[?]] such that

. [?(Al,...,An)]]i = [[F]]i([[Al]]i,m,[[An]]i),

for any (appropriate) expressions Ay,..., A,.
[ €]l is extensional iff for any i€D; there is an operation HF]]I such that

o [EIG DO = [E] @i 2, (0)

for any (appropriate) intensions xi ,..., X;.
Definition

A semantic operation [[F]] is uniformly extensional iff there is an operation [[F’]] such
that, for any i€Dy:

. E]Cerse - )G = [ () ()

for any (appropriate) intensions xi ,..., X;.

[=" . = {min(p(i),q(i)), ifizi

max(p(i #) q(i #)) , otherwise

# o = Jmax(@@) @), if e(D(@) =P(D)() = 1
[ (@) = {min(cp(i)(j),w(i)(j)), otherwise

Selective extensionality

seeks [a French restaurant that serves bouillabaisse];
seeks [a French restaurant that serves ratatouille],

[[A(ISa)]]i (l?a) [[®]]i([[Aseeks]]i’[[Al]]i) (?) [[6]]i([[Aseeks]]i’[[A2]]i) (lfa) [[A(ISb)]]ia

thinks [that] Mary is sick
thinks [that] 2+2=5

[[A(l7a):|]l (lTa) [[ﬂ]]l([[Athinks]]l’[[AMary is sick]]l) (ﬁ) [[ﬂ]]l([[Aﬂ1inks]]l:|]:A2+2:5]]1) (lfu) [[A(l7b)]]l

[[F(Al’Az)]]i = [[F]]i([[Al]]i’[[Az]]i)

[eaa0] = [ED.IA T A1)

[ea80]" = [EIqa 0" [AT5)

[eaa0] = [elca 0" 4.1
Definitions

An n-place semantic operation [[F’]] is k-extensional (where 1<k<n) iff for any i€Dy,
and any (appropriate) intensions xi, ..., X,, and x'x: if x; (i) = x'x (i), then:

. [[F]](xl,...,xk,...,xn)(i) = [[F]](xl,...,x'k,...,xn)(i).
[¥] is K-extensional iff K = {k | k is k-extensional}.

Facts
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[¥] is k-extensional iff for any iEDy there is an operation [[?]]l such that, for any
(appropriate) intensions xi,..., X;:

. [EN e e ) (E) = [E] v ) ).

[¥] is K-extensional iff for any i€Dy there is an operation TE] such that, for any
(appropriate) intensions xi,..., X,:

. [elcx )@ = [B] Ll 5, D).

where (for any k<n):

' / x (i), if kEK
. x[i] = ;
\xk, if kEK

[o]®R.0) =R©) R of type ((s.((e.0)0)(e.0)). O of type (s.((e.).£))
[]S.p)G) = Si(p)

[4](S.p) =Sp)
Definition
[®] is uniformly K-extensional iff [¥]] is K-extensional and there is an operation

[E]. such that, for any €Dy, [F]. = [[?]]i , as defined in (215).
[P].(x.P) = P(x)
[©]«(R.0) =R(Q)
[A].(S.p) = S(p)

The Hierarchy of Intensions
Norman hears that Syd sees that Emily plays.

P(ANormans ABhearss  PDsyait Bsees P ApmityD prays)) )

[PCA Norman A s PCA 53 AU oo ity sV ]|

EPTAA Noman]) LATA A pears ) LI A ] TATAA s ] A ity s ] I

IPTCTA voman]) TAT A pears ] TPT A ] TADLA e ] LPTAA it ] LA prs ] D)
[P [ANCH PN [ANS [P TCe.P))))

[P o U s P 530 s DA i A DD |

LT LA v ] TAT-C A pears ] A st it s ] D)

[T A worman] TAT- L A pears ] TPTA A sy ] TATAA s ] TPDAA i ] LA i I D)
[PT(n AL CH [P [ALS [ PTe.P))))

[P oA s P A s P ity s DD |

[T [AT(H Aj. [PCs AT S Mk [P]-(e.P)))))

Hn,\j. S (s, Mk. P(e)))
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(33a)
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(34a)

[2CA s A s P 05 A s P s A O]
LTI A worman > AT A ]

[P (M Asa] T ([ A ) T2 e (A i ] LA s ] )
[T, [ATH , [PTeCss TAT (S5 [P [ A i | [A s ] D)

Definition
If A is any expression, then:

[A]" =[a]"

(A]" =rieb, [A]"

[[G‘P]]**(X’P) = )\'] = DS' [[GP]] *(x/"Pj) XED;,, PEDs(et)
[[;H]]**(A,(p) =N ED,. [[Jq]]*(Aj’(pj) AED (st ety » PED sy
[[G‘P]]**“(x’P) = )\'-] = DS' [[T)]]*’(xJ’P/) xEDs(se)’ PED(s(s(et)))

From Frege to Bdiuerle
Syd sees that every band member is drinking.

[27-(s[ A1, M. [S1-ID]YB).D)))

S{(s, Aj. V(Bi,Dj)) [= Si(s, \j. V(B)(D))), by notational convention]
[81(Q.P)() = Q(P) 0D ety PED s(en
[DID.P)E) = D(P) DED s((ety (et PEDs(en)

[#]-(s LA (S0 2 [T DTV B).D)))
S(s,\j. Y(B,.D))

[[?]]*(s,[[cﬂ]] (S, \j. [[Q]]k([[éD]]*(V,Bj),(kx. [[?]]*(X,Dj)))))

S(s,\j. V(B,, Ax. D(x)))

[QIAD]-Y.B).x [P](s AT, Aj. [P]-x.D))))

Y(B,, Mx.S(s, hj. D (%))

LTI A gyl LA e T AT IO T Ao T L A it memter] DT Ay aining ] D)

[T A sy ] AT A e LTS TADTAA e ] LA st memser ] I A drmiane ] D)
S{s, hj. V(B,, hx. D (x)))

Norman hears that Syd sees that every band member is drinking.

[N JADCH A [P] (s JATDS, M. [S] ([P ]-(V.B).DN))
Hn,hj. S (s, M. Y(B,.D))))

Hn, Aj.S(s, M. V(B.D)Y))



(39) [[GP(ANorman 7“"'7q(A hears ’6P(A5yd ,bq(A sees ’gGD(A every ’A band member) ’A is drinking)))))]] i
= [[‘?]] *([[ANorman]]l’[[:ﬂ]] *([[Ahears:l]l’
[[GP]] Vx([[ASvd]] ' ’[[Dq]] **([[Aseex]] ' s

[[%]] ***([[@]] ***([[Aevery]] " ’[[Aband member]] AA)’[[Ais drinking]] M)))))
= H(0 A S [STeer([D]er([hj M. V1, [hjAk. B,D), [MjAk. D) () )
= H(n,\j.S(s, M. Y(B,.D))))

(40a) [8]..(Q.P) = k € D,. [$]..(Q1.P) QED s((etyyy)» PED (s(s(en
)  [V]D.P) =Nk E D,. [D]..(D;,P) DED (s((eney))» PED sisteny)
@1) [ M. o

(42a) [MjAk. B

(b) [AjMk. B

(43) Roger thinks that Norman hears that Syd sees that every band member is drinking.
(b) oo [N o IO TADE[ALGED) -]

45) oo Lo [D]- (LA A -]

46a) [A]" =Nt .. Mg .. Nin. [A] )
@) AL =Rir o N e M. [ G

(47) Syd said that every brother of Emily’s is a band member.
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Appendix: IL-implementation

a) Syntax of fragment

The fragment contains the key examples in the main text. The lexicon contains the following
sets of expressions:

Names: Agmitys ANorman > Asyd »---
Predicates = AplaySa Ajg drinking - - -
Attitude Verbs: Ageoeg, Mnearss - - -
Nouns: Apand members - -
Determiners: Aeyery, Mg, ...

The syntax covers the constructions discussed above and contains the following rules:
R1 If Ayyis a Name and Ap is a predicate, then P(Ayy, Ap) is a Sentence.

R2 If A4 is an Attitude Verb and Ag is a Sentence, then fI(Aa, Ay) is a Predicate.

R3 If Apis a Determiner and Ay is a Noun, then D(Ap, Ay) is a Quantifier.

R4 If Apis a Quantifier and Ap is a Predicate, then Q(Ag, Ap) is a Sentence.

b)  IL: definitions and notation

(i)  Types of indirect intensions

The interpretation of the fragment will proceed indirectly, by way of a compositional inter-
pretation into Montague’s (1970) language /L of intensional type logic. The language is based
on infinite sets Var, of variables of any type a and unspecified sets Con, of (non-logical)
constants of type a, and consists of a set IL, of terms of (any) type a:

Var, C IL,.

Con, C IL,.

If a€IL,;, and BEIL,, then a(P) € IL.

If x€IL, and a€IL, then (Ax. o)) € IL .

If a€IL, and BEIL,, then (a=p) € IL,.

If a€lLg,, then [Va] € IL,.

If a€IL,, then [*a] € ILy,.

Following Montague (1970), logical constants and operators (like v, A, 3 and V) may be taken

as abbreviations. /L-terms receive their denotations relative to models ‘M = (D, ,D F), indices
i€Dyg, and M-assignments g:

e [x] =g ifx € Var,

e ] =F©)) if ¢ € Con,.

© a®] =l BT,

- [oxt o] =] [ueDn,.
o+ l@=p]" =l le] ™ =181,
o [red] = o] G

o U] =Gl e DY

Two IL-terms o. and B of the same type are logically equivalent iff [[cx]]N’i’g = [[ﬁ]]'M’i’g, for all
models ‘M, indices i, and assignments g; notation: o = f3.

M,ig

(i) Iteration of IL-operators
The indirect intensions in the hierarchy (29) are of the types of the form (s"a):
. (sY%a) =a



s (smtla) =(s(s"a))
For each IL-term o the term [A" o] denotes its nth indirect intension:
. ["Ooc] =qa
[V o] = [ma] (=" a])
The indirect interpretation algorithms will also make use of iterated index application [V" a]:
n+l 0 +_
Vo] =[Va]=a

o Ma] = [v"a] (=[v"va])

For each IL-term o and any n=0 the term [A’” o] designates the twisted versions of its nth in-
direct intension:

e o= 0X.[ XD()] O<msn

Functional application is defined recursively on the hierarchy of indirect intensions and twisted
senses:

° A[:zb =(\f. M. f(x) f € Var,,x € Var,

n+l

e AU =0 [CALC DT XDD [ E Var g ), x € Varmi,,

¢) Indirect interpretation

(i)  Standard translation

For each expression A from the fragment defined in @) the IL-term || denotes its extension:
° { AEmily |7 | ANorman |a ’ ASyd |a } ={e,n,s, ...} - Con,

{ Aplays |: Ajs drinking |a } = {P7 D, } - Con(et)

{| Asees |7 | Ahears |7 } = {S, H, } - Con((st) et))

{| Aband member |7 } ={B, ...} - Con(et)

| Aevery| = [NPe L. AQE L. (Vx€) [P(x) = O(x)] =: ALL
| Ag| = [MPe L. NQe . (3x¢) [P(x) ) A Q)]

S1 | P(Anw. Ap) | =] Ap| (| Ann])

S2 A4, As) | =|Aa| ([~ |AsD

S3 | D(Ap, Ay) | =] Ap| (| An])

S4 | QAg, Ap) | =] Ag|(|Ap])

(i)  Baroque translation

For each expression A from the fragment defined in @) the IL-term || denotes its extension nth
indirect intension, which coincides with its extension if n = 0. In opaque positions the trans-
lation increases the level of indirectness :

. | A = A" A|if Ais lexical

Bl | PAw. A | =A% (A" (A"

B2 | AAy A = Al (A" (A)™)
B3 | D(Ap Ay) "= A’;et)((et)t) (|AD|n) (|AN|n)
B4 | QAo AN | = AT (A" (A"

[\

=



(ii) Underspecified translation

For each expression A from the fragment defined in a) the set | a| of IL-terms contains all
possible choices of nth indirect twisted senses in flexible argument positions; in inflexible
positions the semantic operations are distributed, flexible positions bring in twisted senses. The
technique is the same as in Rooth’s (1985) alternative semantics of focus:

. |A|i={|A|n},ifAis lexical

Ul [PA,.A) [ ={A) @) PB)|aE|A,
U2 AR A)] = { Al (@) (B) [ €A BE]A)

U3 | D(Ap A [ = {Aluenn @ "V B) [ m=n,a €A, BE A"}
Ud | QAp A [ ={ AL, (@) B)|[a€|Ay|" BE|A}

" BelA, |}

d) Comparison
(i)  Principal observations
Let A be any expression in the above fragment. Then:

(P1) 1A' =]
(P2) |Al = a €|A|, for some [L-term c

(i) Auxiliary observations

For all IL-terms o, n=2m=0, IL-models M, = (D, ,D; F), ig,... i+ 1ED;, and M-assignments g
the following hold:

n_n

an [V <[ o]
[ A" M, 1.8 Mg
(A2) | o ]] (i)...G) =] o]

[ n+l :M‘viO’g M, i
A . . A s 158
A3) || oc]] Q) ... Gy =["a]
n M, o8

[ n A" A M-log A"
(A4) || A C o) ﬁ)]] = H OL(B)]] where, for some types a and b, o0 € IL ), B € IL jn,,
(A5) |Al" = [7"|A]) = (PI)

a6) [ a] " @i = o]

A7) e =" el
A8) [A%@®] " (... =[a] " G...i) [B] G- )

where o and 3 are as in (d)

(A9) [*"|A|]1= a € |A|, for some IL-term o = (P2)
e) Example

(36) Norman hears that Syd sees that every band member is drinking.
. Underlying structure:

GP(ANorman’ H(Ahearm ?(ASyd’ H(Asees» Q(®(Aevery» Aband member)’ Ais drinking)))))
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Standard translation

Q(®(Aeverya Aband member) Azs drinkin ) |
every |(| Aband member |) (| AIS drinking 6

ALL(B) (D)

(Vx¢) [B(x) = D(x)]

’ GP(ASyd, Qq(AseeSa Q(®(Aeverya Aband member), Ais drinking))) |

S(Sa [A | Q(®(Aeverya Apand member) Ais drinking) |])
S(s, [* (Vx°) [B(x) = D()] ]
| (36) |

H(n9 [A | ?(ASyda cﬂ(Asfe.es’ Q(®(Aevery’ Apand member)» Ais drinking))) |])
H(n, [* S(s,[* (Vx?) [B(x) = Dx)] ]])

[1GO ] = H(n, 7/ Sk TS D))S)  using notational conventions from the text
Baroque translation

| 2By A s DA s A s QDA s Avmenter)s A rind)))) |

[[A“(A wncen(H A A <St><et>( S A«et)t(A (et)((etm( "ALLM'T), D)),As)),n)]]wg

(] qm]™ a ST ok, [ M aLL] ™ (j)(k)([[MT]] “On (D] D]
[H]“@n] ™ A [S] ok [ALL] ] SqD] ™ Ds] )
Hn,7j. S (M. T, C DY)(s)) =[ce ]

Underspecified translation

0
| P(A Norman» k ( hears® 6P(A Syd» ﬂ(A sees? Q(®(A every’ team member)’ A is drinking) ) ) )) | ~

{A et(A (st)(et)(a"A et(A (st)(et)(ﬁ ’A ((et)t(A (et)((et)t)(Y’ i 6) 98))’0))’V) | m=< 2’
0 1 2 2
OE | Apurs | O E A |LYE AL,y |.OE|A R
£ €| Ay i

team member

2
LOE|A

hears sees every

1 0
~% v E | ANurmun |~}

2
AN

T),""D)),"s)),n),
T),""D)),"s)),n),
T),""D)),"s)),n)}

2
0 0 1 1 A 2 2 AN AV
{A et(A (st)(et)(H,A et(A (st)(et)( S ’A ((et)t(A (et)((et)t)( ALL’ ’

2.2
VI AA

0,,0 1 1 A 2 2 AN Ay
A et(A (st)(et)(H ’A et(A (st)(et)( S’A ((et)t(A (et)((et)t)( ALL’

2 2
VoAA

0 0 1 1 A 2 2 AN A
A et(A (st)(et)(H7A et(A (st)(et)( S ’A ((et)t(A (et)((et)t)( ALL’ ’

2.2
AgV AN

Mig
T),"D)), s).m |
[A e LA LA S A A e ALL ) 2y ps | (] )

[H]
[H]

Mg Mg A v /\/\ i . INELEL P
] “{n]" ,Mﬂ A (S A A onALL ) M) | Gy (] 0

0 0 1 1 2 2
HA et(A (st)(et)(H A et(A (st)(et)(AS A (et)t(A (et)((et)t)(A AALL,

Mg

M,i.g
M
([n] ¢ H et(A(st)(et)( SA((et)t(A(et)((et)t)( ALL "o MT)’ D))sAS)]] )

M.i.g

M.i.g
M,,i -
(In] ﬂ A A e SoA A e ALL," " A D))fs)i] @)

on ZAA

Mig Wig o s s
[[H]] : ([[ll]]T ,7\.]” (vt)(et)( S’A((et)t(A(et)((et)t)( ALL T)a D))]] (.]) ([[S]]1 ))



onv. Hliﬂﬁug(ﬂﬂﬂ

M.ig

Mg Mg CMA Mig 2 2 AA A2V2AA AN . M.jg
]l 27 ST O A% A e ALLY D) | s

Mig Mig . . M.jg 2 2 AA AZVZAA L AA i . M.jg
[Tl a7 [T A% A e ALL Y D) | s ™)
g[S

LR “nD ™ h [S] 0k | ALy ALL,

M,ig Mg AgVZAA

e[ A% Ao ALL, Y D) Grns]

2.2
AQVIAA

D] Gwd™ o] dwnds]

ig M,ig R M,jg AA Mig AZvZAn e . AA Majg . M.jg
[E] ™ qn] ™ [T ok, [ ALL] ™ Giaod " 1] oo D] hEns]

P g™ g 570 [ary Aol Goondm sy
DA @] ™ ag [T ok JALL] @] o] s
H(n,\j. S (M. T,C D))s))

2.2
ATVIAA

M,i.g
0 0 1 1 2 2
[AA (LA LA (S A A e “ALL,Y ), D) M)y )|

Hn,\j. S (hk. T,C D))(s))
M,i.g

0. .0 11 2 2 22
HAE,(A soie0 A (A e ("SHA (A e ALL,Y MT),MD»,“s)),n)]]

Hn,\j. S,(M. T, C D))(s)) o6 ]
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