TSem (Bittner) Top 1: Link 1987, 1983

Notes on Link 1987
“Generalized quantifiers and plurals”

I. Type Theory with Pluralities (Typed LP)

DEFINITION 1.1 (Typed LP-types)
e t,ecTyp
e (ab)eTypifa, beTyp

DEFINITION 1.2 (Basic Typed LP-terms)

e Con, = {john,, mary,, ...}
Con,,, = {fa,, ma,,, ...}
Con,,, = {enter, ...}
Con,,, = {see .. talk.to ., ...}
q0n<<ef)<e,)> = {j)’ o}
e Var, = X952, 2y 2oy oo}
Var, = {p,q,p,q,...}
Var,,, = {P,Q,P,0,...}
DEFINITION 1.3 (Typed LP syntax).
b o€ Term, if o € Con, or o € Var,
a off € Term, if o € Term,, and 3 € Term,
A Aula] € Term,, if u € Var, and o € Term,
o ouoa€&€Term, ifu€& Var,and o € Term,
+ (o +p) &€ Term, if o € Term, and B € Term,
A (oA B)ETerm, if a € Term,and 3 € Term,
= -0 € Term, if o € Term,

(oo =p) € Term, if a € Term, and § € Term,

DEFINITION 2.1 (Typed LP-frames).
e D,={1,0}
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(Link 1987, 1983)

(Link 1987:152)
(Link 1987:152)

D,={X1 3 C XC A}, where A (set of atoms) is a non-empty set disjoint from D,

* D, ={fIDomf=D,&Ran fCD,}

DEFINITION 2.2 (Typed LP-models and assignments)
e A Typed LP-model is a structure M = (D", []") such that:
(i) D"={D,": a € Typ} is a Typed LP-frame.

(ii) [-]1" is a function that assigns to any oo € Con, a denotation[o]" € D .

(iii) for any f € D), d € D,*"

P1(f)d) =1 iff {d’EDM1d'1=1&d Cd}C{d’€DM fd)=1}

[H1"()d) =1 iff dE{UX: ICXC{d’EDM f(d)=1}}y

e An M-assignment is a function 0 that assigns to any u € Var, a value O(u) € D,”. Ifd € D"
then O[u/d] is the M-assignment s.t. (i) O[u/d]|(u) = d, and (ii) Olu/d](u) = O(u") if u’ # u.

' Link 1987:171: VP := Ax Vy[y ‘TIx — VP(y)], where ‘x'TIy’ stands for ‘x is an atomic part of y’

*Link 1983:315: [*P] := {x EEIAX C[P] & X # T s.t. x = sup, X}
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DEFINITION 2.3 (Typed LP-semantics)

b [[a]]M,B
Hal:))]]M,ﬁ

lou.o.

1>+ q>=8

[=og ™

[[a]]M,ﬁ

[Aufo])™°

]]M,(-)

[(ce+RN™"
(YY)

[(ce=RN™"

€

log™

0(a)

[[(l]] M, (-)([[ ﬁﬂ M, (-))

<[[ a]] M, B[u/d]: d e D0M>

U{d € D,": [a] """ = 1}

dad™® U [B]™°)
1,

1,

1,

DM

DEFINITION 3 (Truth and equivalence).
* ¢ is frue in M under 0, written |=,, o ¢, iff [¢]" =1
e« is equivalent to B, written o = B, iff, for all M and 0, [a]*° = [B]™°.

ABBREVIATIONS 1 (standard). We write:

e (avp)
(o —=p)

¢ Yuo
Jua

Fact 1:

© l(avpi™’
[(c— ™"

e [Vuo]™?®
[Fuo]™®

ABBREVIATIONS 2 (plurality-based). We write:

* (a=f)
(@ OP)
sg a

e 2

3

FACT 2: For any a,
o l(a=pi™*
[(cOPI™"

]]M,B

[sg o
o [2]"°@)
‘[[31]M’6(d)

for
for
for
for

for
for
for
for
for

o,

=(=a A =B)

—(a. A =B)

(Aulo] = Aul[(u = u)])

=Yu-a

-

—_—_ O O

Ax(a + x=P)
Ax(x<=arx=<p)
Viixsa—=x=0a)

AdAydy(x=y+y'Asgyrsgy a-yOy)]
AdAydy(x=y+y'Asgy a2y’ A-yOy)]

B € Term,, d € D,

S WV W G Wy

Fall 2006

if a € Con,
if o € Var,

iff [a]™ =1 &[pI"° =1
iff [a]* =0

iff [a]™° = [BI™°

if a € Term,

iff
iff
iff
iff

iff
iff
iff
iff
iff

[o"* =0 & B =0
[al™=1&I[BI"°=0
{deD,: [o]" "= 1} =D
{dE DM [o]" W= 1} % {3

Read:®

o is part of B

o overlaps B

oL is an atom

consists of two atoms
consists of three atoms

[a]™ " CIpI*"
Tod™ NIRI™ %) = {3
o™ =1

ld1=2

ld1=3
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I1. Collectivity and distributivity

Examples:

(1) [John and Mary] are a nice couple.

(2) [John and Mary] are students.

(3) [John and Mary] bought a house

(4) [John and Mary] invited their,, parents to their,,, place.

In general:
e Collective predicates are predicated of pluralities

 Distributive predicates are distributed over pluralities (by ” or *)
*  Mixed predicates involve both collective predication and distribution

Typed LP translations:
e John and Mary ~ AP[P(john + mary)]
e are anice couple ~ nice.couple

(D ~ nice.couple(john + mary)
e are students ~ Pstudent
) ~ Pstudent(john + mary)

e bought ahouse ~ Ax[dy(house y A buy yx]
3.0 ~ Ay(house y A buy y (john + mary))

bought a house ~ PAx[Ay(house y A buy yx]
(Bais) ~ PAx[Iy(house y A buy yx)(john + mary)

e invited their, parents to their,, place
~ Ax3z(plc.of x'z A PAxlinv.to z (0y. prat.of xy) x]x')]
4)

Fall 2006

collective VP
distributive VP
ambiguous VP
mixed VP

Link 87:157
collective VP

distributive VP

collective reading

distributive reading

mixed VP

~ Jz(plc.of (john + mary)z A ®Ax[inv.to z (0y. prat.of xy) x](john + mary))

Truth conditions and models:
(1) John and Mary are a nice couple
1. |=y ¢ nice.couple(john + mary)

2. [nice.couple(john + mary)]""° = 1
3. [nice.couple]™(john]™ U [mary]™) = 1
e.g. true in any M s.t.:
Ljohn]" = {J} [maryl” = {M} [nice.couple]™({J,M}) = 1
(2) John and Mary are students.
1. |=,, o "student(john + mary)
2. [Pstudent(john + mary)]"° =1
3. [P studend™)(john]™ U [mary]™) = 1
4. {deDM \d =1 & dC[john]" U [mary]"}
C{de D) [student])™(d) = 1}

e.g. true in any M s.t.:
Ljohn]" = {J} [maryl” = {M} [studenf]™({J}) =1

D3
D2.3:a,+,b

D3
D2.3:a,+,b

D2.2:°

[studend™({M}) = 1
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(3,,,) John and Mary bought a house (jointly).
1. |=y o y(house y A buy y(john + mary))

2. [3y(house y n buy y(john + mary))]|""? =1 D3
3. {d€D/:[house]"(d)=1 F1:3, D2.3:A, a, +, b,
& [buy]™(d)[john]™ U [mary]) = 1} # & D2.2.0[u/d]

e.g. true in any M s.t.:
[john]" = {J} [housel"({H}) = 1 [buyl"({H})({J, M}) = 1
[maryl” = {M}

(34,) John and Mary bought a house (each)
1. =, "Ax[Ty(house y A buy yx)|(john + mary)

2. [PAx[Ay(house y A buy yx)|(john + mary)]™° =1 D3

3. 1M Ax[3y(house y A buy yx)I"™ ) ([john]™ U [mary]™) = 1 D2.2:a,+, b

4. {deDM \d =1 & dC[john]" U [mary]"}
C{de D) [Ax[3y(house y A buy yx]I"°(d) = 1} D2.2:°

5. {deDM:Id =1 &dC[john]" U [mary]"} D2.3:A, df. (—-),
C{de D). {d' € D: [house]"(d) = 1 F1:3, D2.3:A, a, +, b,

& [buy|™(d')(d) = 1} # T} D2.2.8[u/d]

e.g. true in any M s.t.:

[john]" = {J} [house]({H}) = 1 [buy]"({HNHT}) = 1

[mary]™ = {M} [house]"({H'}) = 1 [buy]"({H'})({M}) = 1

(4, John and Mary invited their,, parents to their,,, place.
1. |5y, ¢ 3z(ple.of (john + mary)z A ®Ax[inv.to z (0y. prat xy) x)(john + mary))
2. [3z(plc.of (john + mary)z A ®Ax[inv.to z (oy. prat xy) x|(john + mary))|"° = 1
D3
3. {d”€ D" [plc.oi™(john]"” U [mary]™)(d") = 1
& [P1M( Ax[inv.to z oy. prat xy xII" N[ john]" U [mary]") = 1} # &
F1:3,D2.3:A,a,+, b
4. {d”€ D" [plc.ofi”{john]" U [maryl")(d") = 1
&{deD: |d =1 &dC[john]"” U [mary]"}
C{d € D: [ Ax[inv.to z oy. prat xy x]I" " d) = 1}} # &
D2.2:°
5. {d”€ D" [plc.oi™[john]" U [mary]™)(d") = 1
& {deD: |d =1 &dC[john]" U [mary]"}
C{de D) linv.to]"(d")(U{d’ € D,”: [ prn]"(d)(d) = 1})(d) = 1}} # T

D2.2:A, df. (—:-)
D2.3:A,a, 0,a,b,
D2.2:0[u/d]

e.g. true in any M s.t.:

Ljohn]™ = {J} U{d’ € DM: [prnd™({IN)(d) =1} = U{{J'}, 3"} = {0, 1"}

[maryl" = {M} linv.to] "{HHI', I"HEIH) = 1
[plc.oi"{J, MH({H}) =1 U{d’€ D,": [prnd"({M})(d) = 1} = U{{M'}, {M"}} = {M', M"}
Linv.to] "{HHEM', M"H({M}) = 1
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III. Distributivity (°) vs. pluralization (¥)

D2.2.iii

Forany f€D,,",d€ D,"

o [P1M(H)(d) =1 iff {d’eDM1d'1=1&d'Cd}C{d’€D,: f(d)=1}
[every atomic part of d satisfies f]

o [*1M(F)(d) =1 iff deE{UX:PCXC{d’'ED,”: f(d)=1}}
[d consists of parts that satisfy f]

Example:

(5) John and Mary and Tom [bought a house].

(5) with distributive VP

1. |=,, ¢ "Ax[Ty(house y A buy yx)|((john + mary) + bill)

2. [PAx[Ay(house y A buy yx)|((john + mary) + bilD]""° = 1 D3

3. 1M Ax[3y(house y A buy yx)I™ )W ([john]" U [maryl™) Ubilll*) =1 D2.2:a,+,b
4

. {dEDM Il =1 & d C (john]" U [mary]™ U [bill]"}

C{de D) [Ax[3y(house y A buy yx]I"°(d) = 1} D2.2:°

5. {deDM:Id =1 &dC (john]” U [mary]™ U [bill]"} D2.3:A, df. (—-),
C{de D). {d’ € D: [house]"(d) = 1 F1:3, D2.3:A, a, +, b,

& [buy|™(d')(d) = 1} # T} D2.2.0[u/d]

true if:

[john]" = {J} [housel™({H}) = 1 [buyl"({H})({I}) =1

[maryl” = {M} [house]"({H'}) = 1 [buy]"({H'H({M}) = 1

[bin" = {B} [house]"({H"}) = 1 [buyl"({H"})({B}) = 1

false if:

Ljohn]" = {J} [buyl™(d)({J}) =0 for all d € D,

(5) with plural VP

1. |=y o *Ax[Ay(house y A buy yx)|((john + mary) + bill)

2: [*Ax[Ay(house y A buy yx)|((john + mary) + bil)]""° = 1 D3
3. [*1MAAx[Ty(house y A buy yx]I™ ) ([ johnl” U [maryl™) U [bill]*) =1 D2.2:a,+, b
4.

(Ljohn]™ U [mary]™) U [ bill]"
e {UX: B CXC{de D [Ax[Ay(house y A buy yx]|"°(d) = 1}} D2.2:%

5. 3AX: UX = ([john]" U [maryl™) U [bill]™ df. {-:-}, D2.3:A, (-:-),
&BCXC{de D, {d €D, [house]"(d) =1 F1:3,D2.3:A, a, +, b,
& [buy|™(d')(d) = 1} # T} D2.2.0[u/d]
true if:
Ljohn]" = {J} [buyl™(d)({J}) =0 for all d € D,
[bin" = {B} [housel™({H}) = 1 [buy]"({HH)({J, B}) = 1
[maryl™ = {M} [house]"({H'}) = 1 [buyl"({H'})({M, B}) = 1

since the scope of X holds for X = {{J, B}, {M, B}}
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IV. Definiteness and number (Link 1983 vs. Sharvy 1980)

Examples:
(7) the boys
(8) the boy

(7) according to Link 1983

1. [ox.*boy Aq""°

U{d € D, [*boy x" =1}

U{d € D" [*]"(1boy]")(d) = 1}

U{deDM de{UX: B CXC{d €D, [boyl"(d)=1}}}
U{d’€ D,": [boy]"(d) = 1}

(8) according to Link 1983

1. [ox.boy x™°

2. U{d € D) [boy x]" " 1=1}
3. u{de D/ [boy]"(d)=1}
Problem:

Nk v

Fall 2006

D2.3:.0

D2.3:a, b, D2.2:0[u/d]
D2.2:*

simplify

D2.3:0
D2.3:a, b, D2.2:0[u/d]

o if {d€ D/ [boy]"(d) =1} = {{B}, {B'}}, then [ ox.*boy x]""° = [ ox. boy x]*"° = {B, B'}

o if{d€D/: [boyl"(d)=1} = {{B}},

D4 (generalized v)
Syn. w.o € Term, if u € Var, and o € Term,
Sem." [uw.a]™® = max{d € D: [o]™ " =1}, if it exists

= undefined, otherwise

(7) according to Sharvy 1980

Suppose {d'€ D,": [boy]"(d) =1} # &
1. [w.*boy A"™°

max{d € D, [*boy x]*" =1}
max{d € D, [*1"(boyl")(d)= 1}

Nk

U{d'€ D" [boyl"(d") = 1}

(8) according to Sharvy 1980

1. [w.boyq™"°

2. maxc{d € D,": [boy A" "= 1}
3. maxc{d € D,": [boyl™(d)=1}
Correct:

max{d € DM d € {UX: 3CXC{d’€D,”: [boy]"(d) = 1}}}

then [ ox.*boy A" ° =[ ox. boy " ° = {B}

(Sharvy 1980:610)

D4:.

D2.3:a, b, D2.2:0[u/d]
D2.2:*

simplify

D2.3:0
D2.3:a, b, D2.2:0[u/d]

o if {d€ D/ : [boy]"(d) =1} = {{B}, {B'}}, then [ x.*boy x]*"° = {B, B'}
but max-{{B}, {B'}} does not exist

so [ wx. boy x]*° is undefined
o if{d€ D/ : [boyl"(d) =1} = {{B}}, then[wx. boy " ° = max-{{B}} = {B}

' Let (A, <) be a partially ordered set , B C A, and x € A. Then:

e x is the =-maximum of B, denoted by x = max_. B iff (i) x € B, and (ii)) VyEB: y = x
e x is the =-minimum of B, denoted by x = min_. B iff i) x € B, and (ii)) VyEB: x <y
e x is the =-supremum of B, denoted by x = sup_ B, iff (i) x=min_{z EA: VyEB: y <z}
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V. Numerals and partitivity

Examples:

(9) Two students can carry this.

(cf. A first-year student can do this.)
(10) Last week two students presented a paper.

(cf. Last week a first-year student presented a paper.)
(11) Last week two of the students presented a paper.

Basic ideas:

. Numerals translate into cardinality predicates and combine with the head noun like
intersective adjectives (e.g. two tables ~ four-legged table).

. A bare numeral+noun is associated with a contextually determined quantificational force
(e.g. universal in (7), existential in (8)), like an indefinite (see Lewis 1975, Heim 1982)

J Partitive of translates into the part-of relation (<).

Typed LP translations:

. students ~
two ~
[V] -
(3] -
the ~
of -

. [V] two std. ~
can carry this, ~
(7N
. [3] two std. ~
prsntd a paper ~

3

(8(‘0”) ~

(Sdis) ~

. of the students ~
[A]twoof ... ~
prsntd a paper ~

(9(‘0ll) ~

(9dis) ~

*student

AQAX[2x A Ox]

AQAPIV x(Qx — Px)]

AQAP[Ax(Qx A Px)]

AQ[ox.0Ox] (ok with bare plurals)
AyAx[x < y]

AP[VYx(2x A *student x — Px] [V] + numeral + noun
Ax[can.carry zx] generic aspect
Vx(2x A *student x — can.carry zx)

AP[Ax(2x A *student x A Px] [3] + numeral + noun
Ax[Jy(paper y A present yx)] episodic aspect, coll. VP
PAx[3y(paper y A present yx)] dis. VP

dx(2x A *student x

A Ay(paper y A present yx))
dx(2x A *student x

A PAz[Ay(paper y A present yz)]x)

Ax[x < oz.*student 7] partitive of-NP
AP[Ix(2x A x < Oz.*student 7 A Px)] [3] + numeral + of-NP
Ax[Jy(paper y A present yx)] episodic aspect, coll. VP
PAx[3y(paper y A present yx)] dis. VP

Ax(2x A x < 0z.*student 7
A Ay(paper y A present yx))
Ax(2x A x < 0z.*student 7
A PAx[3y(paper y A present yx')]x)
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Truth conditions and models:
(9) Two students can carry this (together).
1. |=y 0 VX(2x A *student x — can.carry zx)

2. [Vx(2x A *student x — can.carry zx)]*"° = 1

3. {dE€ D [2x A *student x| = 1
& [can.carry """ =0} = &

3. {de DM [2]"%d) =1 & [*]"([studend])(d) = 1
& [can.carry]"(0(2))(d) =0} = &

4. {de DeM: ldl =2
&de{UX: 3CXC{d' €D/ [studend]™(d’) = 1}}
& [can.carry]"(0(2))(d) =0} = &

Consider M s.t.:
{d € D,": [ studeni)(d)= 1} = {{J}, {M}, {B}}

Then: {UX:ZCXC{d'€D,)”: [studen]™(d") =1}}
={{J}, {M}, {B}, {J, M}, {J, B}, {M, B}, {J, M, B}}

So the condition in 4. is true if M and 0 further satisfy:
[can.carry]™(0(2))({J, M}) = 1

[can.carryl™(8(2))({J, B}) =1

[can.carry]"(0(2))(AM, B}) = 1

(10,,,) Two students presented a paper (together).
1. |=y 0 Ix(2x A *student x

A Ay(paper y A present yx))

2. [3x(2x A *student x
A Ay(paper y A present yx))|"" % =1

3. {de DM [21""Nd) =1 & [*]"([ studend]™(d) = 1
& [Iy(paper y A present yx)|"" " =1} 2 &

4. {deDM: \d =2
&de{UX: 3CXC{d' €D/ [studen]™(d’) = 1}}
& {d’€ D" [paped™(d’) = 1
& [presen]”(d\d) =1} # D} # D

e.g. true in any M s.t.:

{d € D,": [studend™(d)= 1} = {{J}, {M}, {B}}
[paper]™({P}) =1

[presend™({P})({J, B}) = 1

Fall 2006

D3
F1:V, —, df. {—-}

D2.3:A, a, b,
D2.2.0[u/d]

F2:2,
D2.2:*

D3

F1:3,D2.3:A, a, b,
D2.2:0[u/d]

F2:2

D2.2:*
F1:3,D2.3:A, a, b,
D2.2:0[u/d]



TSem (Bittner) Top 1: Link 1987, 1983 Fall 2006

(10,,) Two students (each) presented a paper.
1. |=y 0 Ix(2x A *student x
A PAx[3y(paper y A present yx')]x)

2. [3x(2x A *student x

A PAx3y(paper y  present yx )" =1 D3
3. {de DM [20""Nd) =1 & [*]"([ studend]™(d) = 1 F1:3,D2.3:A, a, b,
& [P1"( Ax[Ay(paper y A present yxH """ (d) =1} 2D  D2.2:0[u/d]
4. {deDM: \d =2 F2:2
&de{UX: 3CXC{d' €D/ [studend]™(d’) = 1}} D2.2:% P

&{d'EDM:\d\=1&d'C d}
C {d’€ D,": [ Ax[Ay(paper y A present yx )" d)=1}} # D

5. {dEDM1dI =2 D2.3.A, df. (—-)
&de{UX: 3CXC{d' €D/ [studen]™(d’) = 1}}
&{d’'eD:1d1=1&d Cd}
C {d’€ D,":[3y(paper y a present yx)||"" "1 = 11} # &

6. {deD: 1d =2 F1:3,D2.3:A,a, b
&de{UX: 3CXC{d' €D/ [studend]™(d’) = 1}} D2.2:0[u/d]
&{d’eD:1d1=1&d Cd}

C{d’eD {d"€ D" [paper]™(d) =1
& [presenf]™(d"\(d) =1} # D}y # D

e.g. true in any M s.t.:
* {d € D,": [studend]"(d)= 1} = {{J}, {M}, {B}}
*{d € D" [paper]™(d) = 1} = {{P}, {P'}, {P"}}
o [presend™({P})({J}) =1
[presend™({P'})({B}) =1
[presend™({P"})({M,J}) =1
since we then have:
 I{J, B} =2
{J,B}YE{UX: BCXC {d'€D, [studen]"(d) = 1}}
e {d'EDM1d1=1&d'C {J,B}}
={{J}. {B}}
C{d’eD™ {d"€ D, [paper]™(d’) =1 & [present]"(d")(d") =1} # D}}
={{J}, {M,J},{B}}



