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Introduction

“Now the, when it is strictly used, involves uniqueness; we do, it
is true, speak of “the son of So-and-so” even when So-and-so has
several sons, but it would be more correct to say “a son of So-and-
so”. Thus for our purposes we take the as involving uniqueness.”
([6]: 481)
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Introduction

Definite descriptions
Form: ‘the F'

‘the F' is used strictly and a complete definite description, in case there is a
unique F.

Example: ‘the pope' in
(1.1) The pope is bald.

Loose use

‘the F' is used loosely and an incomplete definite description, in case there is
more than one F.

Example: ‘the bishop' in
(1.2) The pope blesses the bishop.
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An intuitionistic proof-theoretic semantics for natural language constructions with

incomplete definite descriptions.

| \

Russellian analyses explain strict uses in ‘the F is G’ in terms of an existence, a
uniqueness, and a predication clause:

There is at least one F.
There is at most one F.
Every F is G.

Idea: replace the usual undefined notion of identity in the definition of uniqueness with
the defined notion of qualified identity (W [7])

i A\

An intuitionistic bipredicational natural deduction system which combines components
of [7] with the rules for definiteness proposed in Francez & W [1], [2].

Incomplete Descri



The language

Bipredicational first-order language £

Permits two kinds of atomic predication:
o Predications (atomic formulae):

n
@ 01...0p

o Negative predications (predication failures):
—p"01...04

(‘the ascriptive combination of ¢” with o1, ..., 0, fails")
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L: Qualified identity
Let ©" be an n-ary predicate constant.
PZi(01,02) =def

Vz1..Yz,o1Vz, ((9"0125...2, <> ©"0225...2,)
& (¢"z101...2, < ©"210;...2,)
& ... & (¢"z1..2p-101 < ©"71...2,107))

NZn(01,02) =def

Vz1..¥2,21V2z, ((mp"0123...2, < =" 0225...2,)
& (—p"z101...2, < —"210;...2,)
& ... & (~p"71..2-101 © —"71...2_102))

Let <p’1‘1, ...,k be all the predicate constants in Q, where ¢; is ki-ary and Q ¢ P.
Positive qualified identity: 01 g 02 =gef Pf;ll(ol, 0) & ... & PS";(ol, 02)

(‘o1 is the same as o, in all Q-respects’)
Negative qualified identity: 01 =g 02 =der Nist (01,02) & ... & N (01,02)

(‘o1 is the same as 0, in no Q-respect’)
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L Qualified definiteness

We write ¢(x), suppressing the arity of ¢, for atomic formulae ©"0;...0,
containing (possibly multiple occurrences of) x. Let Q ¢ P.

Positive qualified definiteness:

P(Loxp(x)) =def
Ixp(x)& Y uV v((p(u)&p(v)) > u g v) &Yw(p(w) > ¢(w))

Positive qualified uniqueness

(‘the Q-unique x which is ¢ is ¢’; simpler: ‘the Q-unique ¢ is ¥")
Negative qualified definiteness:

Y(tox-¢(x)) =def
Ix-p(x)& Vu¥v((-p(u)&-p(v)) 2 u =g v) &¥Yw(-p(w) > ¢ (w))
Negative qualified uniqueness

(‘the O-unique x which fails to be ¢ is ¢’; simpler: ‘the Q-unique
—pis ')
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Lv: Maximal and restricted definiteness

Let Q' ¢ P. Qualified definiteness has (i) the highest degree of definiteness in case
Q =P and (ii) a lower degree, in case Q = Q. Given Q' c P, we can distinguish:

Maximal definiteness (=> complete definite descriptions):
o Y(tpxp(x)): ‘the only x which is ¢ is ¢’
0 P(tpx —p(x)): ‘the only x which fails to be ¢ is ¢’
Restricted definiteness (=> incomplete definite descriptions):
0 P(roxp(x)): ‘the x which is ¢ is )’
0 P(tgrx—p(x)): ‘the x which fails to be ¢ is ¢’

Lv: Negative predications with qualified descriptions
o —(tgxp(x)): ‘the Q-unique x which is ¢ fails to be ¢’

o —(tgx —p(x)): ‘the Q-unique x which fails to be ¢ fails to be '
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Proof systems

Bipredicational subatomic systems: Subatomic base
Sp is a pair {(Z,Rp), where T is a subatomic base and R}, a set of |/E-rules for
atomic sentences and negative predications.

Z is a 3-tuple (C, P, v), where v is such that:
o Forany a€C, v:C - p(Atm), where v(a) ¢ Atm(«).
o For any ¢" € P, v: P — p(Atm), where v(") € Atm(p").

Let 7T =g4er v(7) for any 7 € CUP. Call 7T the set of term assumptions for 7.
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Bipredicational subatomic systems: Rules in R,

Dy D D, D

or r .. I favg...
Yo "al n (asl) o %n (asE;)

pooq...op il

DO Dl Dn Dl

ol r .. ol —-phag...ap

Yo nal @ (—asl) “Poa1--n (-asE;)

—P0 ...l Til

Side conditions:
asl: pgaq...an e gl NoqlMn...napl.
—asl: pfag..an gl naal n...na,l.
asE; and —asE;: i €{0,...,n} and 7; € {©f, a1, ..., n}.

Terminology: We say that —pga;...au, is negatively contained in
wol naal n...nap,l, in case the side condition on —asl is satisfied.
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Proof systems

Bipredicational subatomic identity systems: =o-Rules

S;-systems extend Sp-systems with |/E-rules for o and =g, where Q € P.

[01(e2)]™) [p1(az)]?) [ok(aa)]®) [p(az)])
Dy, Dy, Dy, Dy,
e1(a2) e1() pi(a2) or(ar) |
" Eol) 11, ke
Q1 =9 Q2
Dy Di1 Ds D,'2
Qg iQ ay  pi(ar) 051 ig ax  pi(a)
- 1 + - 1 +
= E]_ = E2
<Pi(0lz) ( QL ) S0’_((11) ( QLi )

where ;€ Q, i€ {1,...,k}, and p;(a1) and ¢;(ay) are mirror atomic sentences.
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Proof systems

Bipredicational subatomic identity systems: =o-Rules

[~p1(a)]™ [~p1(a2)] [-or(a)]®) [~pr(az)]*)
Dy, Dy, Dy, Dy,
—¢1(a2) —¢1(a1) —pi(a2) ~pi(a1)
Z (Fal) 115 k2
a1 =9 2
D, 'D,—1 Dy D,'2
a1=g a2 —pi(a1) _ ar=ga —pi(az) _

=oE;1 =gE;2

—pi(0n) (=oEi1) —pi(oq) (=Ei2)
where ;€ Q, i€ {1,...,k}, and p;(a1) and ¢;(ay) are mirror atomic sentences.
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Bipredicational natural deduction systems

Rules of 10(S} )-systems. Those of the above systems plus:
D1 Dz Dl Dl Dl Dl
A B A&B A&B A B
s (@) (&E1) (&E2) Ao (vi) B (vig)
() (v) (u)
(A (8] (A b D
D1 D Ds 2 A2B A
[ (=
AvB CC ¢ (VE), u,v ATBB(DI), u B
Dy Dy Dy [A(x/0)]™“)
A(x/o) VXA (e A(x/o) D D,
va M a0 " Ta B 3a g,
c :
D
% (40) |
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Bipredicational systems with qualified definiteness: 1o-Rules

10(S} )e-systems extend 10(S} )-systems with |/E-rules for positive/negative
qualified definiteness. Q ¢ P.

Rules for positive qualified definiteness:

D D, D3
Frpl)  Tuvv((p(u) & e(v) 2uZov)  Vwle(w)ov(w)
b(raxp(x)) °
Dl D1
Y(Loxp(x)) Y(toxp(x))
AR (LoEl (toE2)
000 O e e saten) O
D:
P(Laxp(x))
) 2 ) e

(Likewise with —1.)
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Proof systems

Bipredicational systems with qualified definiteness: to—-Rules

Rules for negative qualified definiteness:

Dl D2 D3
Ix—p(x)  YuVv((-p(u) & —p(v))ou=gv) VYw(-p(w)sp(w)) (to-])
P(rax —p(x))
D: Ds
Pox-p(x)) Y(tox - p(x)) =
Ix - p(x) (vo-EL) Vuvv((—o(u) & —p(v)) o u=g v) (ro=E2)
Ds

Y(tox —p(x))

e )

(Likewise with —1.)
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Proof systems

Theorem: Normalization

Any derivation D in an 10(S})¢-system can be transformed into a normal
10(S; ) t-derivation.

Theorem: Subexpression property

If D is a normal derivation of a unit U from a set of units I" in an 10(S; )¢-system,
then each unit in D is a subexpression of an expression in I'u {U}.

Theorem: Subformula property

If D is a normal IO(SE)L-derivation of formula A from a set of formulae I', then
each formula in D is a subformula of a formula in I'u {A}.
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Internal completeness

J.-Y. Girard ([3]: 139-40):
If we consider cut-free proofs, then all possible proofs are already there,
there is no way to produce new ones. In other terms, the calculus is
complete—nothing is missing. Observe that this completeness does not

refer to any sort of model, it is an internal property of syntax. Such
a property cannot be an accident, it should be given its real place, the

first:

The subformula property is the actual completeness.
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Proof systems

Subatomic proof-theoretic semantics
Let / be an 10(S; )t-system.

o The meaning of a non-logical constant T is given by the term assumptions
7l for 7 which are determined by the subatomic base of the Sj-system of /.

@ The meaning of a formula A of L. is given by the set of canonical derivations
(i.e., derivations which use an I-rule in the last inference step) of A in /.
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Proof systems

Example: A derivation of a tg-sentence

Let @ = {¢1,...,0k}, QEP, and p;,pj € Q, where i,je{1,...,k} and i # j.
A derivation for (E):

il al
- pi() (1)
Ixpi(x)
A derivation for (QU):
[ei(a)&pi(8)]D [pi(a)&pi(8)]D
L1 ()]0 ©i(B) [e1(8)]¢2) pi(a)
p1l Bsr o1l al
21(8) ¢1() LG
e :Q B

1

(pi(a)&pi(B)) > a :Q B
_ Vv((pi(a)&epi(v)) > a ig v)

Vudv((pi(u)&ei(v)) 2 uig v)

()
{D} in (2) is short for the set of the subderivations Dy, Da,, ..., Dy, Dy, in applications of
I-rules for qualified identity.
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Proof systems

Example: A derivation of a tg-sentence [contd.]
A derivation for (P):

[pi(a)]®
el .. al

pj(a) ) ®3)
b P20
> Vw(oi(w) 2 95(w))

A derivation of a tg- (or QD-)sentence:

D, e P
Ixpi(x)  Vuvv((pi(n)&ei(v)) 2uzgov)  Yw(pi(w) 2 ¢g(w)) (cal) (4)
pi(toxpi(x)) :
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Proof systems

Complete definite descriptions: Examples

(1.1) The pope is bald.
Bald (tpxPope(x))

(1.2) The king of France is not real.
~Real(1px(King-of?(x, France)))

Complete definite descriptions: Meaning
Let {¢;} c Q" cP and ¢;,pj € Q', where i,j e {1,....k} and i # .

Case (i): Maximal qualified definiteness

Q-7

D, Dz(i) D3
i) Suvvi(pdue) 2upy)  dwlpiw)oew)) \ ©)
pi(epxi(x) "

(Strict use of ‘the ;")
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Proof systems

Incomplete definite descriptions: Examples

(1.4) The bishop is bald.
Bald(1gxBishop(x))

Incomplete definite descriptions: Meaning
Let {oi} c Q" cP and pj,pj € Q', where i,je{1,...k} and i #j.

Case (ii): Intermediate qualified definiteness
Q=9

D Doiiy D3
o) V(eaa() dute ) e 2pw) O
j(Larxpi(x)) )

(Loose use of ‘the ;")
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Proof systems

Generic definite descriptions: Examples

(1.5) The Englishman is brave.
Brave(v{engiishmany XEnglishman(x))

(1.0) The non-smoker is healthy.
Healthy (t{smokery-X(—Smoker(x))

Generic definite descriptions: Meaning

Let {¢i} c Q' cP and pj,pj € Q', where i,je{l,....k} and i # .
Case (iii): Minimal qualified definiteness

Q={pi}
D Dz(iii) Ds
Ixpi(x) | Vv v((pr(@)&pi(V) 2 uty v)  Yw(pw) 3 p(w) )

(ten))
@ity xpi(x))

(Generic use of ‘the ¢;')
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Generalization A

Parallel QD: Examples

(1.2) The pope blesses the bishop.
(1.7) The dog descends from the wolf. (Cf. [5]: (33).)
(1.5) The pope puts the zucchetto on the zucchetto. (Cf. [5]: (38).)
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Parallel QD: Extension of L
Let O1,...,9,<P.

o Parallel positive QD:
V(Lo x1p1(x1); s L, Xn®n(Xn)) =der
(Ixip1(x1) & ... & Ixpon(xn)) &
(VurVva((pr(un)&epr(vi)) 2 un Zg, vi) & ... &
Vup Vv ((@n(Un)&pn(va)) 2 un ;Qn vn)) &
(Ywi.. . Vw,((p1(wr) & ... & ©p(wys)) 2 P(wa, ..., wp)))

O Parallel negative QD:
Yt —@1(x1), 00, Xn = @n(Xn)) =der
(I —p1(x1) & ... & Ixy—on(xn)) &
(VurVvi((—p1()& —p1(v1)) o ur =g, v1) & ... &
Y up Vv ((=9n(Un)& = pa(Vvn)) 2 un =g, vn)) &
(Vwa.. Vwa((—p1(wr) & ... & —pp(wy)) 2 (W, ..., wp)))

Likewise with —1).
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Generalization A

Parallel QD: Abbreviations
Let Qx € P with ke {1,...,n}.

1. Abbreviations for parallel positive QD:

(2) Bkt Ixepr(xx)
() QUi YurVvie((ox (k) &pi(w)) 2 uk =g, vi)
(o) P Vwy . Yw,o((p1(wr)&...&pn(wy)) 2 (W, ..., wy))
2. Abbreviations for parallel negative QD:
(2) —Ek: Ixx — or(xk)
(5) —QUk: YurVvi((—ok(uk)& — pi(vik)) 2 uk =g, Vk)
(c) =P: V..V w,((—p1(w1)&...& — on(wy)) 2 P(w, ..., w,))
(Likewise with —.)
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Generalization A

Parallel QD: Rules

' Rules for parallel positive QD:
Dy, D1, Do D2, D3
E .. E QU ... QU, P |
(tal?)
Yo xap1(x1), oL, Xn@n(xn))

Dy

(g xap1(x1), . L@, Xn@n(Xn))
Ex
Dy

(g x191(x1), -+, L0, XnPn(Xn))
QU
Dy

(Lo x101(X1), -+, L@, Xn@n(Xn))
P

where i € {1,...,n} (arity of ¥), ke {1,...,n}

(coEg1)

(cQE}2)

(«oE}3)

(Likewise with —.)
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Generalization A

Parallel QD: Rules [contd.]

2. Rules for parallel negative QD:
Dy, D1, Dy, Dy, Ds
-E .. -E, -QU..-QU, -P R
(to-17)
Y(igyxa = p1(x1)s s L, %n = n(xn))
D1
w(LQ1X1 - <,01(X1), s b, Xn — CPn(Xn)) (LQ_Eil)
—Ex
Dy
P(egyx1 = p1(x1),-,LQ,%n — Pn(Xn))
Z _E22
QU (to-E2)
D1
Y(rg X1 - p1(x1), P L@, Xn = pn(xn)) (10 E}3)
where i € {1,...,n} (arity of ¥), ke {1,...,n}
(Likewise with —.)
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Generalization A

Parallel QD: Symbolizations

(1.2) The pope blesses the bishop.
Blesses?(1px(Pope(x)),toy(Bishop(y)))

(1.7) The dog descends from the wolf.
Descends-from?(1{ pogyx(Dog(x)), t{woiryy (Wolf (y)))

(1.2) The pope puts the zucchetto on the zucchetto.
Puts-on®(vpx(Pope(x)), tory(Zucchetto(y)), Lon z( Zucchetto(z)))
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Generalization A

Parallel QD: An analysis of (1.8)

(1.8) The pope puts the zucchetto on the zucchetto.
P (epx(P*(x)),1ay(ZH(y)), tar2(Z*(2)))
Let @', Q" c P such that Q' # Q.
Di(k) 2003 D3k
IxPY(x) 3yZY(y) 3zZ'(2)
D1 (qu)
VU]VVl((Pl(Ul)&Pl(Vl)) DU ;p Vl)

Daau)
ViV vo((Z (1) &Z N (v2)) 2ty Zor vo)
Ds(aqu)
VusVvs((Z4(u3)&ZY(v3)) o uz Zgr v3)
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Generalization A

Parallel QD: An analysis of (1.8) [contd.]

Dep)
\7’W1\7’W2\7’W3((P1(Wl)&Zl(Wg)&Zl(W3)) o) P3(W1, wa, ws))

Canonical derivation:
Let {De)} = {Di(ey: Daey, P3(e) } and {D(quy} = {DP1cquys P2cquy, P3euy }-

{Diey} {Duy} Dep “
P2 (1px(PY(x)), Loy (Z2(y)) 10r2(Z2(2))) * ©

(10)

13) (11)
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Generalization B

Parallel nested QD: Examples

(1.9) The king of the jungle loves the queen of the desert.
(1.10) John is the mayor of Pittsburgh. (Cf. [5]: (61).)
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Parallel nested QD: Extension of Lt

Parallel nested positive QD:
YL@y Xy Py (Xng s -5 L@, X21P21 (X2p, -0y L@y, X101 (X11)) )5 -5 Ly Xy Py (K5 -5
10y, X0 P2 (X2ms oy 101, X1y @1 (X1 ))-o)) =dler

(EIX"1(JD"1 (an, ey LQy X2, P2 (X217 0y LQy X1, 01 (Xll )))&&
I, Prrn (K 205 LD, X2 P2 (X2 05 L Q1 Xt P1m (X1,,)))) &

(Y un, ¥ Vi ((my (i 5 - LQy, X2, P2y (32qsevs LQy X1, 1y (x1,)))&

‘pﬂl(vnlv""1'921X219021(X21a-~~>L911X11(/7"(X11)))) 2 Um ;in Vo )&...&
Y Uy ¥ Vi (@i (U -0 005 X0 020 (X215 005 L2y, X1y @1y (X10) ) ) &P (Vi o1

LQZmXstozm(sz7 cety Lglmxlmwlm(xlm)))) 2 Uny, ;Qnm Vnm))&

(VW'H"'Van(SO'H(WnU ey LQy X2, P2 (le, e bQy X1 P (X11)))&"~&
(ID"m(an7 ooy LQZ,"X2m<p2m(X2m7 s bQy X1 Pl (le)))) 2 w(Wnn ooy an)))

Parallel nested negative QD: mutatis mutandis.

(Likewise with —.)
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Generalization B

Parallel nested QD: (E)-Abbreviations

{Ey }:

E|X11<1011 (X11) sy Ele,,,Solm(le)

E11 Ey

m

{E, }:

Fxay 21 (X2p 03 00y, X121 (X1)) 5oy 332 P20 (K2 o000y X1 1 (31,,))

Ep, [

m

{En}:

Ixny Py (Xng s -ees LQy, X212, (X215 ey LQy, X1, 1 (x1;,))) »-es

Eny

I Pri (X s -5 L@y X0 P2 (K25 -5 L@y X1 P1 (X1,,)))

Enpm

(Likewise for tg—.)
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Parallel nested QD )-Abbreviations

{Quy, }:
Y, Vv ((p1q (01 )&y (V1)) 2 uyy 2911 Vg )5 een Yur, Vv, (@1, (u1,)& 1, (vi,)) 2 01y, ;glm Vig)

Qull QUy,,
{QUy, }:

"
Vuzy Vvay ((p2y (g5 -5 b0y X1y 1y (ay ) &ep2y (v 5 -0 b0q X1y 011 0ay))) 2 2y =@, v2y) 5 --o)

QU21

"
Vo V2 (020 (U2 o5 0@y X1 P 1 (X1 D& P2 (Vo s o5 001 X1 P1m (X1))) 2 U2y =05 V)

QUz,,

{QUnk}3
Y uny Yy ((Pny (Ung s - LQy, %21 %2 (X215 -0 Loy, Xy P GagIN&eny (Vg5 -y LQy, %21 %2 (X215 -0
QUny
"
0@y, 13213 (x11)))) 2 tng =@y Vi )y o Vi YV (P (U 5 -5 L@ X2 P2 G2 -1
N
QUn,,

"
0y XimP1m (X1 )))&Prm (Vo 1L Qy X0 P2 (X2 -+ £ QX1 Pl (X1 )))) 2 U =0 Virm)

(Likewise for g —.) )
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Generalization B

Parallel nested QD: (P)-Abbreviations

P]Z
VW]-I"'VWlm((<p11(Wll)&"‘&(plm(wlm)) 2 1/11(W11a ) W]-m))

Pz:
Vwy, ...V wa, (2, (Way, -y L, X1,601, (31,)) & &
P2, (W2ps s L@y, X1, 1, (X1,))) 2 V2( W2y -0y W2,,))

P,:
VWnl‘“Van((Sonl(Wnn"-aLQzlx219021(W217"-aLQ11X119011(X11)))&"'&
(p"m(wnm7""LQ2mX2m(P2m(W2m7""Lglmxlm(plm(xlm)))) 2
Yn(Way, - Wa,,))

(Likewise for tg—/—1;.)
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Generalization B

Parallel nested QD: (QD)-Abbreviations
QDll
Y1(t0y, X1, 01, (31,5 -0 L0y, X1, 01, (X1,,))

QDZ:

1/12(LQ21 X2, P2, (X217 e by, X1, P, (X11))7 0095
1Q2 X2 P2 (K25 -3 01, X1, P11 (X1,,)))

QD,:

’lﬁn(LgnIan(pnl (an, ey LQy X2, P2, (X217 < L0y X1, P1 (X11))'")7 2009
LQnanmQDn(Xnm7 ooog) LQZ,"sz(pzm(sz’ ooog) LQ1,,,X1m‘p1(X1m))'“>)

(Likewise for tg—/—1;.)
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Generalization B

Parallel nested QD: Rules
{Dh} {Dzl} D31
{E]-k} {QUlk} Pl

QD (col?1)
{D:ln} (D2} s,
{En} - (QU.} P, o)
D, - "
%{?j (coE2 1) gﬁ (1aE22) %’wggﬁ)

where i € {1,...,m} (arity of predicate in QDj),
Jj€{1,...,n} (level of nesting),
ke{l,.. m}

Mutatis mutandis, for to—/—1);.
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Generalization B

Detour conversions for parallel nested positive QD

{Dll} {D21} D31
{&,} {QUy} P
o (ally)
{D1,} {D2,} D3,
E, QU Py
{En} 5 {QUn,} (tal?,)
Enk" (tQE} 1)
conv
{Dy,} {D2y } Ds,
{E;,} {QUy} Py s
QD; (LQII,I)
D-l,,
En,

(Likewise for tg_/-1.)
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Generalization B

Detour conversions for parallel nested positive QD [contd.]

{Dh} {D21} D31
{E,} {QUy} P,
QD; (LQIi,l)
: conv D2,
{D1,} {D2,} D, QUn,
= Un, P, -
{En ) {QU}  Po e )
QD, (toE} ,2)
QUnk QCk.n
(Likewise for tg_/-1.)
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Generalization B

Detour conversions for parallel nested positive QD [contd.]

{Dll} {Dzl} D31

{E,} {QUy} P,
QD, (LQIi,l)
g 3n
{D1) D2} Dy, =,
Ep, Un, P, .
{n} op— kP g,

e (10E2,3)
(Likewise for tg_/-1.)
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Generalization B

Parallel nested QD: Symbolizations

[1.9) The king of the jungle loves the queen of the desert.
Loves? (1, x(King-of2(, Loy, y(Jungle(y)))),
tQ,,2( Queen-of?(z, tg,, u(Desert(u)))))

(1.10) John is the mayor of Pittsburgh.
Holds? (John, 1 x( Office-of*(x, vpy (Mayor-of*(y, Pittsburgh)))))
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Generalization B

Parallel nested QD: An analysis of (1.9)
(1.9) The king of the jungle loves the queen of the desert.

L2 (1, x(K?(x,00, Y (J1(¥)))), 10y, 2( @3 (2, 10, u(D*(1)))))
Let O1,,91,, 92,9, € P.

Dye) Da(qu) Ds(p)
W) VuVu((H(wm)&S (m) 2 m ey v)  Ywi(S(w) > K (a1, w))

D{(E) DQ(QU) DQ(P)
3uD'(u)  Vuivvi((D'(u1)&D' (W) o uf 2o, vi)  Ywi(D'(w() > Q*(az, W)
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Parallel nested QD: An analysis of (1.9) [contd.]

The first level of parallel nesting:

Diey Daqu)y Dip)
K?(a1,00,,y(J (¥)))
Ix(K?(x, 10, y(J (¥))))

Ds(qu)
VU2VV2((K2(U27LQ11Y(J1(Y)))&K2(V27LQ11Y(J1(Y)))) 2 U ;le v2)

(LQ|2B,1)

Dae) =

Diey Diouy Dip
/ _ Qz(a2’LQ12u(D1(u)))
4E) —
® 7 32(Q(z, 10, u(D(u))))

(tal31)

4
Dy qu)
Vub Vv ((Q3(uh, Lo, u(D* (1)) &Q?(v4, Lo, u(D (u)))) > uh £o, v})
D UL T s Deaton. |




Generalization B

Parallel nested QD: An analysis of (1.9) [contd.]

The second level of parallel nesting:

{Deey} = {Dacey: Doy}

{Duy} = {Ds(quy> Dsquy }

De(p)
VwaVws((K?(wa, 10, ¥ (J1()))&(Q%(ws, Lo, u(D*(u)))) > L? (w, w3))

{Dieyt {Duy}  Decp)
L2 (10, x(K2(x, 10, y(J*(¥)))), ta,, 2(Q2(z, Lo, u(D' (1)))))

(tol32)  (12)
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Generalization C

Parallel conjunctively nested QD: Examples
(1.11) The man wearing the beret with the button is French. ([4]: 450.)

(1.12) The man wearing the beret and carrying the newspaper is French.
([4]: 451.)

(1.12) The man wearing the beret and carrying the newspaper walks his
dog.
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Parallel conjunctively nested QD: CN-formulae

CN-formulae:
A positive CN-formula is either

an atomic formula,

a parallel QD-formula, or

a parallel QD-formula containing a conjunction of formulae of the form
of (1a), (1b), (1c).

A negative CN-formula is either

an atomic negative predication,

a parallel negative QD-formula, or

a parallel negative QD-formula containing a conjunction of formulae of
the form of (2a), (2b), (2¢).
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Parallel conjunctively nested QD: Extension of L.

Parallel conjunctively nested positive QD:

Y(1Q, Xny Coy (Xnys -, L@y, X2y Coy (X2p; o5 00y, X1; Cry (31 D))y s £ Xnm Cy (X s oo
195, X2m Com (X2ms 5401 X1 Clpn (X1,7))+2)) =def

(3xn, Gy (Xng s -5 LQy X2y Gy (%275 oy L@y, X1, G, (x1,)))&...&

It Com (X -+, Ly X2 Com (X2 s -5 Q1 X1 Chn (X1))) ) &

(Vu,,l Vv, ((Cnl (u,,l, o bQy) X2, C21 (le7 s Ly X1, Cll (Xll)))&

Coy (Vg5 oy 0@y %0y Coy (215 w500y %1, Ca(x11)))) 2 umy ;in Vi )&...&
Vuﬂmvvﬂm((Cﬂm(ul'lm’ s lQy X2, C2m (X2m7 s lQy Xy Clm (le)))&Cnm(vnm’ cees
15, X2 Co X2y 0540y, X1y Cli (X10)))) 2 Un £, Vi ))&

(Y Wpy ... YW, (Coy (Why s e bQy X2 G, (x2,, e bQy X1y Cpy (x1,)))&...&
Cnm(anr o lQy X2, sz(x2m7 o lQy Xim Clm(le)))) 2 w(Wnl, FE) W"m)))

where the C-formulae are positive CN-formulae

Parallel conjunctively nested negative QD: mutatis mutandis.

(Likewise with —1);.)
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Parallel conjunctively nested QD: Rules

The rules are like those for parallel nested QD, except that atomic predicates are
replaced by CN-formulae.

{Dll } {D21 } D31
{Elk } { QUlk }

QDI (LQIEI)
{D1,} {D»,} Ds,
{E"k} {QU"k} P" (L Ic )
QDn Q ,n
D1 D1 D,
D;
D o1 2 GeE2) T (oK)

Ej, QU
where i € {1,...,m} (arity of predicate in QD)),
je{1,...,n} (level of nesting), k€ {1,...,m}

Mutatis mutandis, for to—/—1;.
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Parallel conjunctively nested QD: Symbolizations

The man wearing the beret with the button is French.
French(tg,x(Man(x) & Wears?(x, 1o,y (Beret(y) &
Has?(y,1g,2(Button(z)))))))

The man wearing the beret and carrying the newspaper is French.
French(1g,x(Man(x)&Wears?(x, 1o,y (Beret(y))) & Carries®(x,
tg;z(Newspaper(z)))))

The man wearing the beret and carrying the newspaper walks his
dog.

Walks?(1g,x(Man(x)& Wears?(x, 1o, y(Beret(y))) & Carries®(x,
tg;z(Newspaper(z)))), Lo, u(Dog(u)& Owns?(1g,x(Man(x)
&(Wears?(x, 10,y (Beret(y)))& Carries®(x, tg;z(Newspaper(z)))), u))

o
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Generalization C

Parallel conjunctively nested QD: An analysis of (1.13)

(1.10) The man wearing the beret and carrying the newspaper walks his dog.
W].Z(LQZX(Ml(X)&Wg(Xa LQ1y(Bl(y)))&C2(X7 LQ{Z(NI(Z)))),
19, (D' ()& O%(1g,x(M! ()&(W (x, 10,y (B'())) &
C(x,10;2(N*(2)))), u)))

Let Q;, Q; < P.

D1(ey Da(qu) Ds(py
3yB*(y) Y Vvi((BY(tn)&B*(v1)) 2 i 2o, v1) Ywi (B (w1) > W2(a1, wr))

1 Diqu) Dip)
3zN'(z) VeV (N (u)&N () 2 uh Zor vi)  Yw{(N'(w)) o C*(a1, wi))
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Generalization C

Parallel conjunctively nested QD: An analysis of (1.13) [contd.]

Diey Daquy  Dsp) Diey  Diewy Dip

Ds W (a1,00,¥(B'(y))) Gt (o, 10y 2(N'(2))) (+0l5 ;)
M* (1) W(on, 10,y (B' ())& C¥ (a1, 1y 2(N*(2))) - (&)
Dyt = M (0n)& W2 (a1, 00, y(BY(y))&C2 (a1, 10 2(N(2)))
(M ()& W (x, 10,y (B (1)))&C2(x, 101 2(NX(2))))
=A1(x)
Ds(qu)

VurVva((Ar() & A1(v2)) > w2 2o, v)

Dr(p)
Ve (M (w2)& W5 (w2, 10,y (B (¥)))&C? (w2, 10:2(N'(2)))) > 0% (w2, a2))
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Parallel conjunctively nested QD: An analysis of (1.13) [contd.]

Dg Dsiey  De(quy  Drcp)

Dl(az)  O%(1gx(M!(x)&W5 (x,10,y(B'(¥))&C?(x, 101 2(N*(2)))), a2)
D' (02)& 0% (1@, x(M* ()& WS (x, 10, ¥ (B ())& C?(x, 10 2(N*(2)))), 02)
Fu(D' ()& 0% (1@, x(M* ()& WS (x, 10,y (B* (y)))& C?(x, 10, 2(N*(2)))), 1)

(Lglg,z)

Dygy =

Az (u)

Dio(qu)
VuzVvz((A2(uz)&Az(v3)) o u3 293 v3)

Dii(p)
VW3VW4((’V’1(W3)&W22(W3,L91Y(BI(Y)))&C2(W3,LQ;Z(NI(Z)))) &
(Dl(W4)&02(LQZX(M1(X)&W22(X7LQJ(BI(}’))&CZ(&LQ;Z(NI(Z)))),W4))) > Wi (ws, wa))

Dsiey Doey  Dsquy Dioqu)y  DPucp)y .
(LQ|2,3)
WE (10, x(MH(x)& W3 (x, 10,y (B ())) & C2(X7LQEZ(N1(Z))))a
10, u(DY ()& 0% (g, x(M' (x)& (W3 (x,10,y(B'(¥))) & C2(X7LQ;Z(N1(Z))))7U)))




o Bipredicational language:

o predication vs. negative predication
o qualified identity (uniqueness, definiteness)

o Bipredicational natural deduction:

o normalization
o subexpression (incl. subformula) property, internal completeness

o Proof-theoretic semantics for:

o (parallel, nested) (complete, incomplete, generic) def. descriptions
o copula+definite description, possessives

o Philosophy:

o intuitionistic epistemology
o nominalism wrt semantic ontology

Thank you!
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