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PLURAL LOGIC (vdBerg 1994, 1995)

1. TWO APPROACHES TO PLURAL NPS

e Paradigm examples

(1) Adam and Beth lifted (a stack of) three crates (together). collective VP
(2) Adam and Beth (each) lifted (the same stack of) three crates. dist. VP, wide obj
(3) Adam and Beth (each) lifted (a different stack of) three crates. dist. VP, narrow obj

* Plural entity approach (Sharvy 1980, Link 1987)
(1) Adam and Beth lifted (a stack of) three crates (together). collective VP
(1) Ixr=a® b A BB A " TCEI) A Lx, )

X y

{a, b} {c1, C2, C3}
(2) Adam and Beth (each) lifted (the same stack of) three crates. dist. VP, wide obj
20 Ix(x=a @b A FyB() A "y’ [CONE) A PAx’ [L(x, »)](X)))

X y

{a} {c1, C2, C3}

{b} {c1, C2, C3}

(3) Adam and Beth (each) lifted (a different stack of) three crates. dist. VP, narrow obj
(G Ix(x=a @b A PAx’[FyBK) A A [CON0) A LK, »)](X))

X Y

{a} {C1, C2, C3}

{b} {c/’, ¢, cs'}

* Plural info-state approach (vdBerg 1994, 1995)
(1) Adam and Beth lifted (a stack of) three crates (together). collective VP
(I1s) Ixx=a® b A FyB() A 6(C(»)) A L(x, )

X y

a Ci

a C2

b C3

(2) Adam and Beth (each) lifted (the same stack of) three crates. dist. VP, wide obj
(2) Ix(x=a ® b A FyBK) A 6(C()) A S(L(x, »))))
x y
C1
C2
C3
C1
C2
C3

(3) Adam and Beth (each) lifted (a different stack of) three crates. dist. VP, narrow obj
(p) Ix(x=a ® b A 6(IyBK) A 3(C() A L(x, ))))

T T T 0O QO
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2 Locic wiTH PLURALITIES (LP, see Link 1983, 1987)

DEFINITION 1 (LP-syntax)

. A€Trm if4 € Con or 4 € Var

ii. (4® B)ETrm ifA,B€ Trm (Link 1987:152)
iii. n(4) € For if4 € Trm

iv. B(4y,...,4,) €EFor if BEPrd"and 4y, ..., 4, € Trm

v. (4<B)&For if4, BE Trm

vi. —¢ € For if ¢ € For

vii. (¢ A ) € For if ¢, ¥ € For

viii. Ju¢ € For if u € Var and ¢ € For

DEFINITION 2 (LP-models and assignments)
M. A LP-model is a structure M = (D, [ - ) such that:
i. D=P(A\{D}, for some non-empty set A (of proto-atoms)
ii. Forany 4 € Con, [4] € D, and for any B € Prd", [B] < D".
2. An M-assignment is a function g such that Dom g = Var and Ran g < D.
The set of M-assignments is denoted by G”. For any g, h € G, u € Var, d € D,

glu/d] = (\(u, gu))}) U {{u, d)}
g=, h iff 3dE D: glu/d]=h

DEFINITION 3 (LP-semantics)

i. g4l = [4] if A4€Con
= g(4) if AEVar
ii. gl(Ae Bl = (glAlU glBl)
iii. gln(A)] =T iff  |g[All=n
iv. g[BA,..A)] =T iff  {(g[Ail, ..., gl4.]) € [B]
v. gl(A<B] =T iff  g[A] < g[BI
vi. gl~¢l T iff  glgl#T
vii. gll(¢ A )] T iff glgl=T &glyl=T
viii. g[Jugl] =T iff g h&hPI=T

DEFINITION 4 (LP truth).
¢ is true in M, written |=y ¢, iff Ve € G g gl = T

ABBREVIATIONS

e (A=B) = (A<B) A (B<A))

c (P = ~(PAY)

e Yug = —du—¢

o PAfglA) = Yv(v<A A1W) — glui]) pEFor,novin g, 4 € Trm

where ¢[u/v] is obtained from ¢ by replacing every occurrence of u with v
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3 PLURAL Logic (PIL, see vdBerg 1994, 1995)

DEFINITION 1 (PIL-syntax)
i if A € Con or 4 € Var

1.
ii.
1ii.
1v.
V.
Vi.

Vii.

A€ Trm

(4 B)ETrm
n(4) € For

B(4,, ..., A,) € For
(4 = B)eFor

—¢ € For

(¢ A y) € For

viii. Ju¢ € For

DEFINITION 2 (PIL-models and assignments)

if4, B € Trm
if4A € Trm

ifBEPrd"and 4y, ..., 4, € Trm

if4, B € Trm
if ¢ € For
if ¢, ¥ € For

if u € Var and ¢ € For

M. A PlL-model is a structure M = (D, [ - ) such that:
i. D is a non-empty set (of entities)

DEFINITION 4 (PIL-truth).

ii. Forany 4 € Con, [4] € D, and for any B € Prd", [B] < (P(D))".

¢ is true in M, written |=y, ¢, iff GM[¢]= T

ABBREVIATIONS

* (A4=B) = ((A€B)AN(BcA)

c (@—y) = oAy

e Yug = —du—¢

 du9) = Vv(v S uA 1) — ¢un))

Fall 2009

(Link 1987:152)

2. An M-assignment is a function g such that Dom g = Var and Ran g < D.

The set of M-assignments is denoted by G”. For any g € G¥, u € Var, d € D,

glwdl = (@\u,gu)}) U {u,d)}
G. An M-info state is a set of M-assignments. For any G, H € G", u € Var, d € D,

G(u) = g(u): g€ G} vdB 95:§3.2

Glu/d] = Aglud]: g € G} vdB 95:§3.2

G=, H iff Vd: Glu/d]= Hu/d] vdB 95:§3.2
DEFINITION 3 (PIL-semantics)
i. G[A4] = {[4]} if A€ Con MB

= G(4) if A€ Var vdB 95:§3.2

ii. G[(Ae B)] = (G[A]U G[BI]) Link 1987:152
iii. G[n(4)] =T iff  |G[A4]|=n cf. vdB 94:0, sing
iv. G[B(4;...4)] =T iff (G[A41], ..., G[4,]) € [B] vdB 94:§2
v. G(A<B] =T iff G[A] < G[B] vdB 94:§2
vi. G[¢] =T iff Glgl#T vdB 94:§2
vii. Gl(gA ) =T iff Gol=T &G[y]=T vdB 94:§2
viii. G[Jud] =T iff dH:G~=,H&H[¢]=T vdB 95:§3.2

¢ E€ For,novin ¢

where ¢[u/v] is obtained from ¢ by replacing every occurrence of u with v
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4 SOME USEFUL FACTS

LP facts:

F= gl(4=18)]
F— gll¢—wl #
FV gl Vug]

FP glPAulgl)]
Sample proofs:

FV

1. g[Vugl=T

2. gl~Fu—gl=T
glu—gl # T

-

-

H4 4+ A

~dh(g =uh & Mgl # T

S kW

Fo
L. gl Au[gl(A)] =T

PIL facts:

F=  GI(A=B)] = T,
F— " Gllg—yl # T,
FV  GIVugl =T,
Fé6  Glopl =T

Sample proofs:
FV

. GIVudd =T

Fé
L Glodpl =T

Top 5: Plural information states

iff gll4] =g[B]
iff glgl=T &glyl# T
iff

iff

—~3h(g =y h & h[~¢] = T)

)

Vh(g =uh— hl¢] #T)

iff G[A4] = G[B]
iff Glol=T&G[yl#T
iff

iff

Fall 2009

df.v
D3:—~
D3:3
D3:—~
rearrange
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APPENDIX: SOME USEFUL FACTS

LP facts:

FV  g[Vug] = T, iff Vh(g=,h— hlg]=T)

F°  g[PAul¢l(4)] = T, iff Vh(g =, h&h(») S h[A] & k()| =1 — h[gun]] = T)

Proof of FV

1. g[Vugl=T

2. gl~Fu—gl=T df.v

3. gldu—gl#T D3:—

4, =dh(g =, h & h[~¢]=T) D3:d

5. ~dh(g =, h & h[g] # T) D3:—

6. Yh(g=,h— hlg]=T) rearr.
L]

Proof of F”

1. glPAulgl()] =T

2. gIVv(v<A ALW) = ¢luiD]=T df. P

3. Yh(g=,h— h[(vSAAN1W) = Pluv)]=T) FV

4, —dh(g=, h & h[(v<A4 A 1(v) = dluv])] # T) rearr.

5. "dh(g =, h & h[(v<AANIW)] =T & Al ¢p[unv]] # T) F—

6. —Jh(g =, h & h(v) S h[A] & |h(v)| =1 & Al ¢[u/v]] # T) D3:<5,1,4

7. Yh(g=,h&h(v) S h[A] & |h(v)|=1 = h[¢[unv]] = T) rearr.
L]

PIL facts:

FVY  GlVugl =T, iff VHG=,H— H[¢]=T)

Fo Glo(p)] = T, iff VHG=,H&HWV) S Hu) & |HWV)| =1 = H[guVv]]=T)

Proof of FV

1. G[Vugl=T

2. G[~Ju—¢]=T df.v

3. G[Au—gl#T D3:—

4, -dH(G =, H& H[~¢] =T) D3:d

5. "dH(G =, H& H[¢] # T) D3:—

6. VH(G~=,H— H[¢]=T) rearr.
L]

Proof of F6

L. Glopl=T

2. GIVv(v S u A1) — gluriD]l=T df. &

3. VHG=,H—- H[(VvZSuAI1W) = gluv)]=T) FV

4, "dAH(G =, H& H[(v S u A 1(v) = ¢lu~v])] # T) rearr.

5. "dHG =, H& H[(v S u A1(W)] =T & H[glu~V]] #T) F—

6. "3dH(G =, H& H(v) € H(u) & |[Hv)| =1 & H[g[uV]] # T) D3:c,1,4

7. YH(G =,H& H(v) € Hu) & |[HWV)| =1 = H[guVv]]=T) rearr.
L]
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COLLECTIVITY & DISTRIBUTIVITY IN PIL

1. COLLECTIVE VP

(1) Adam and Beth lifted (a stack of) three crates (together).
L=y Ix(x=a ® b A DEG) A 6(CO)) A L(x, )

2. G"[Ax(x=a & b A BY) A S(CH) ALx, ) =T D4: |=
3. AH: G ~, H& H[(x=a ® b A yBK) A (CO)) A Lx, )] =T D3:3
4. AH: G ~. H D3:A, F=,D3:0, 4

& H(x) = {[al} U {[b]}
& H[FyB») A 6(Cp) A Lx, )] =T

5. dH: "'~ H df. U, D3:3, A
& H(x) = {[al, [61}
& AJ(H =, J & J3)] =T &J[(CONI = T & JIL(x, )] = T)

6. 3dH,J: g"” ~H&H~=,J rearr.
& H(x) = {[a], [6]} & JI3)] =T
& JO(CON] =T & J[L(x, )] =T

7. AH,J. "~ H& H=~,J D3:n, Fo, D3:B(
& H(x) = {[a], [b]} & |J(»)| =3
& VK(J =. K & K(z) € K(») & |[K(z)| =1 — K[C(2)] = T)
& (J(x), Jo)) € L]

8. AH,J: "~ H& H~,J D3:B(, {(a) =a
& H(x) = {[a], [b]} & ()| =3
& VK(J =. K & K(z) € K(») & |K(z)| = 1 — K(z) € [C])
& (J(x), Jo)) € [L]

9. 3H,J3cr, CoC: G~ H& H =, J D2:~,, G(u)
& H(x) = {[al, [P]} & J(») = {c1, C2, C3} & |{C1, C, C3}| =3
& VK(J =. K & K(z) S {c1, 62, ¢3} & [K(2)| = 1 — K(z) E[C])
& ({[[al, [b1}, {c1, 2, ca}) E[L]]

10. 3H, J3cr, ¢o, ¢ G =~ H& H =, J simplify
& H(x) = {[al, [P]} & J(») = {c1, C2, C3} & |{C1, C2, C3}| =3
& Vd(d € {c1, ¢, c3} — {d} €[C])
& ({[[al, [p]}, {c1, Co. C3}) E[L]

eg Jx y partial matrix for one witness for J,
a Ci leaving out irrelevant variables & other assignments (i.e. rows)
a C2 with other values for irrelevant variables
b C3
11. dc1, ¢, Ca: simplify

[{c1, C2, C3}| = 3 & {{c1}, {c2}, {c3}} < [C]l
& ({[al, [P]}, {c1,Co,C3}) E[L]
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2. DISTRIBUTIVE VP WITH WIDE SCOPE OBJECT

(2) Adam and Beth (each) lifted (the same stack of) three crates. dist. VP, wide obj
(28) Ix(x=a ® b A Fy(3(y) A 3(C()) A O(L(x, ))))
L=y x(x=a ® b A ByEG) A 6(C(1) A 0(L(x, )

2. G"[3Ax(x=a ® b A IBQ) A S(C)) A S(LEx, I =T D4: |=
3. AH: G ~, H& H[(x=a ® b A TyB») A (CHP)) A &L, )] =T D3:3
4. AH: @' ~. H D3:A, F=,D3:0, 4

& H(x) = {[al} U {[b]}
& H[FyB») A 8(C(»)) A OdLlx, )N =T

5. dH: "'~ H df. U, D3:3, A
& H(x) = {[al, [61}
& AJ(H =, J & J3)] =T &J[(CO)N] = T & JIS(L(x,y)] = T)

6. dH, J: g"” ~H&H~,J rearrange
& H(x) = {[a], [6]} & JI3)] =T
& J[O(CoN] =T & J[OLL(x, y)] =T

7. AH,J. "~ H& H=~,J D3:n, Fo, D3:B(
& H(x) = {[a], [b]} & ()| =3
& VK(J =. K & K(z) € K(») & |[K(z)| =1 — K[C(2)] = T)
& VK(J =~. K & K(z) € K(x) & |K(z)| =1 — K[L(z, »)] = T)

8. dH,J: "'~ H& H~,J D3:B(, {(a) =a
& H(x) = {[a], [b]} & |J(»)| =3
& VK(J =. K & K(z) € K(») & |K(z)| = 1 — K(z) € [C])
& VK(J =.K & K(z) € K(x) & |[K(2)| = 1 — {K(z), K(»)) € [L])

9. 3H,J3ct, ¢, C: G~ H& H =, J D2:~,, G(u)
& H(x) = {[[a], [b]} & J(y) = {c1, G2, Ca} & |{C1, C2, C3}| =3
& VK(J ~. K & K(2) € {c1, 2, 3} & |K(2)| = 1 — K(2) € [C])
& VK(J =. K & K(z) < {[a], [b]} & |K(z)|=1 — {K(z), {c1, G2, C3}) € [L])

10. 3H, J3cr, ¢o, ¢ G =~ H& H =, J simplify
& H(x) = {[[a], [b]} & J(y) = {c1, C2, Ca} & |{C1, C2, C3}| =3
& Vd(d € {c1, ¢, c3} — {d} E[C])
& ({[al}, {c1, c2.c3}) € [L] & {{[P]}, {c1, C2. C3}) E[L]

eg. J x y partial matrix, relevant variables & assignments only
a Ci
a C2
a C3
b Ci
b C2
b C3
11. dc1, ¢, Ca: simplify

[{c1, C2, C3}| = 3 & {{c1}, {c2}, {c3}} < [C]l
& ({[[al}, {c1, co, C3}) E[L] & {{[b]}, {c1,Co, C3}) E[L]
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3. DISTRIBUTIVE VP WITH NARROW SCOPE OBJECT

(3) Adam and Beth (each) lifted (a different stack of) three crates. dist. VP, narrow obj
(p) Ix(x=a ® b A 6(IyBK) A 6(C() A L(x, ¥))))

1.

2
3.
4

10.

1.

=n Ax(x=a & b A 6(FyB() A 3(C(Y) A L(x, )

. GY[Ax(x=a ® b A 8(FyBY) A S(CH)) A L(x, )] =T D4:|=
3H: G" =, H& H[(x=a ® b A 5(Fy(3(») A 3(C»)) A L(x, ) =T D3:3
. 3AH: G =, H & H(x) = {[a]} U {[b]} D3:A, F=,D3:@, 4

& H[6(Fy(3(y) A 8(C(») A Llx, Y =T
AH: " ~, H & H(x) = {[a], [b]} df. U, Fd
& VK(H ~.K & K(z) € K(x) & |K(z)| = 1
— K[3y(3() A 8(C(») A Lz, y)I=T)
AH: " ~, H & H(x) = {[a], [b]} D2:~,, D3:3
& VK(H ~.K & K(z) < {[al, [b]} & |K(z)| =1
— AIK =, J & JIBY) A 6(C) A Lz, )] =T))
AH: " ~, H & H(x) = {[a], [b]} D3:A, n, B(
& VK(H ~.K & K(z) < {[al, [b]} & |K(z)| =1
— K =, J & ) =3 &J[S(CON] = T & {J(z), J»)) E [L]))
AH: " ~, H & H(x) = {[a], [b]} D2:=,, J(u)
& AJ({h[all: h € H} =, J & J(y)| =3 & JI6(CO)] = T & ({lal}, J»)) € [L])
& AJ({hDI: h € Hy =, J & J(y)| =3 & JI6(CO)I = T & ({61}, J()) € [L])
AH: " ~, H & H(x) = {[a], [b]} D2:~,, F§, D3:B(
& FJ3cy, ¢, s({h[x/all]l: h € H} =, J & J(¥) = {c1, C2, C3} & |{C1, C2, C3}| =3
& VK(J =, K & K(z) S {c1, ¢, C3} & |K(2)| = 1 — K(2) € [C])
& {{[al}, {c1, c2, C3}) € [L])
& 3J3c, ¢, cs({A[x/1b]]: h €E HY =, J & J(y) = {C1, C2, C3} & |{C1, C2, C3}| =3
& VK(J =, K & K(z) S {c1, ¢, C3} & |K(2)| = 1 — K(2) € [C])
& ({61}, {c1, c2, cs}) E[L])
AH: " ~, H & H(x) = {[a], [b]} D2:~,, G(u)
& 3J3cy, ¢, cs({h[x/lall: h € H} =, J & J(y) = {C1, C2, C3} & |{C1, C2, C3}| =3
& Vd(d E {c1, ¢, 3} E[CT) & {{[lal}, {1, C2, C3}) € [L])
& 3J3c, ¢, cs({A[x/b]]: h € HY =, J & J(y) = {C1, C2, C3} & |{C1, C2, C3}| =3
& Vd(d € {c1, ¢z, c3} € [CT) & {{[D1}, {c1, 2, €3}) € [L])

eg. J x y partial matrix, relevant variables & assignments only
a Ci
a C2
d C3
b C1,
b c2'
b C3

!

Jc1, C2, ca(| {C1, C2, €3} = 3 & {{c1}, {2}, {C3}} < [C] & ({llal}, {1, C2, C3}) E[L])  smpl.
& ci, ¢, €3(]{C1, C2, C3}| =3 & {{c1}, {C2}, {C3}} S [C] & {{[]}, {c1, C2, C3}) E[L])
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QUANTIFIERS IN PIL

1 QUANTIFIERS AS 2-PLACE PREDICATES

Extend PIL with:
DEFINITION 2 (PIL-models and assignments)
M. A PlL-model is a structure M = (D, [ - ]|) such that:

iii. for any X, Y € P(D):
X, )Ealll] iff X<V
X, YE[sm] iff XNY#QD
(X, Y) € [most] iff |X N Y] >|X\Y]
X, ye[n] iff XNY=n

ABBREVIATIONS 2 (proper part, maximization, induced quantifiers)

* (ACB) = ((A€B)AN—(4=B)) for 4, BE Trm

« My(¢9) = (A Cv A gluv])) A @) ¢ € For,novin ¢

o Qu(¢, ) = FuIvM(Pluv]) A My(u S v A ) A O(v, u)) 0O € {all, sm, most, n!}
FACTS

FC G[ACB)] = T, iff G[4]C GIB]
FM G[M,(¢)] T, iff -(3AH: G ~,H& G(u) C HW) & H[ur]l = T) & G[¢l = T
FQ G[Qu(¢, w)] = T, iff FHIAK(G ~, H& H ~, K & K[M(¢[u/])]

& K[My(u S v A ¢)] & (K(v), H(u)) € [O])

Some paradigm examples:
(1) All the women gathered in the square. {MON1, collective VP
(1) all x(6((W(x)), G(x))

= xAx (MA0AW(x))) A Miu(x S x" A G(x)) A all(x’, x))

(2) Every child is asleep. {MON1, distributive VP
(2") all x(6(C(x)), 6:(S(x)))
= xAx (MA0A(C(x))) A Mu(x S x" A 6(S(x))) A all(x’, x))

(3) Most women gathered in the square. MON T, collective VP
(3") most x(5(W(x)), G(x))
= xAx (M A0 W(x))) A My(x S x" A G(x)) A most(x’, x))

(4) None of the women gathered in the square. {MON |, collective VP
(4) —smx(3{(W(x)), G(x))
= xAx (MA0A(W(x))) A Mi(x S x" A G(x)) A sm(x’, x))

(5) (Last year) two scientists (jointly) wrote an important paper. collective VP
(5) 21 x(04S(x)), (P() A 1(y) A WL(x, y)))
= A (MA(0:(S(x))) A Mi(x S x” A p(P() A 1(y) A W(x, »))) A 2!(x", x))

(6) (Last year) two scientists (each) wrote an important paper. distributive VP
(6") 2! x(0(S(x)), (Fn(P(y) A 1(y) A W(x, y))))
= DA (Me(0:AS(x ) A Mix S x" A 0(IV(P() A 1) A Wx, 1)) A 2(x ", X))



Sem III (Bittner Top 5: Plural information states Fall 2009
p

2. SAMPLE TRUTH CONDITIONS AND MODELS

(1) All the women gathered in the square. {MON1, collective VP
(1) |=a all x(S(W(x)), G(x))
iff =y T (MW (X)) A Mi(x € x” A G(x)) A all(x’, x))
iff 3IxePDO")N\ND}:
Vdde X — {d} e [W]) & XE[G]
& AYXC Y& VddeE Y — {d} €[W]))

Sample models: Witness for 3X Truth values
Moy={{a,b,c,d}, [-1") none predicted: [#am0 (17)
M = ({al, (b}, {c}} MB intuition: |=0 (1")
161" = {{a, b, c, d}} Oops!

Solution: constrain [-]"

for collective predicates

M= (fa, b, ¢, d}, [ -1 X=fab,c} predicted: | (1)
[MM = {{a}, {b}, {c}} MB intuition: |[=y (1)

[GI" = {X|X < {a,b,c} &|X]>2} v

M, ={{a,b,c,d}, [-1") none predicted: [#an (1)
[ = {{a}, {b}, {c}} MB intuition: |#n (1)

[G1"? = {X| X S {a,b,d} & |X] =2} v
Ms={{a,b,c,d}, [-1"°) X=1{a,b,c} predicted:  |=a3 (1)
[ = {{a}, {b}, {c}} MB intuition: |[=s (1')
[GI"" = (X X< {a,b, c.d} & |X]>2} v

(2) Every child is asleep. {MON1, distributive VP

(2)  Fu all x(6(C(x)), 6:(S(x)))
iff =y A (VLASACGD)) A Mi(x € x7 A 8(S(X))) A all(x’, x))
iff 3Ixe PDO")ND}:

Vd(dE X — {d} E[C] & d E[S])

& -AY(XC Y& Vd(dE Y — {d} € [C]))

Sample models: Witness for 3X Truth values

M =({a, b, c, d}, HMl) X=1{a,b,c} predicted: =1 (21)
[ = {{al, {b}, {c} MB intuition: |=s (2)
IS = {{a}. {b}. {c}} v

My =({a,b, c, d}, [-1"2) none predicted: [#a2 (27)
[[CI]MZ — {{a}’ {b}’ {C}} MB intuition: |7£M2 (2,)
IS = {{a}, (b}, {d}} /
Ms={{a, b, c, d}, [H]M3> X=1{a,b,c} predicted: =3 (21)
[C]'5 = {{al, {b}, {c} MB intuition: |=yp (2")
11" = {{a}, {b}, {c}, {d}} v
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p

(3) Most (of the) women gathered in the square. MON T, collective VP
(") [Fu most x((W(x)), G(x))
iff =y T (M (W (X)) A Mi(x S x” A G(x)) A most(x’, x))
iff  3X, X € PD"ND}:
Vdde X' — {d} € [W]
&EXS X &XE[G] & |X'NX] >|X\X|
&-AYx'Cyc D& Vd:dEY — {d} €[W]")
& -AVXCY<S X' & YE[G]Y)

Sample models: Witnesses for X/, X Truth values

M; = ({a,b. c.d}. [-1") X':= {a, b, c} predicted: =y (3)
[ = {{a}, {b}, {c}} X:={ab,c} MB intuition: =5 (3)
[GI" = {X| X S {a, b, c} & |X]>2} v

M = ({a, b, c.d}. [-1') X':= {a, b, o} predicted: =i (3)
[[VVHMZ — {{a}, {b}, {C}} X:= {a’ b} MB intuition: |:M2 (3)
[GI" = {X| X S {a,b,d} & |X]>2} v
Ms;={{a,b,c,d, e}, [- 1) X':={a,b,c} predicted: [#s (3))
[ = (fal, (b}, fc} none for X MB intuition: |#us3 (3)
[GI"° = (X X S {a,d, e} & |X]>2} v

(4) None of the women gathered in the square. {MON |, collective VP

4" =y~ sm x(0.(Wx), Gx)
iff =y~ Axdx MA(6(W(x)) A Mi(x S x" A G(x)) A sm(x’, x))
iff —-3X,X'€PD")ND}:

VddeXx' — {d, e[ & D c XS X' & XE[GIM

Sample models: Counterexamples for X, X Truth values

My ={{a,b,c,d, e}, [-]") X':={a,b,c} predicted: = (4")
[ = {{a}, {b}, {c}} none for X MB intuition: = (4)

G = (X| X S {d, e}: |X]>2} /
My={{a,b,c,d, e}, [-]*7) X':={a,b,c} predicted: =2 (4")
(w2 = {{a}, {b}, {c}} none for X MB intuition: |[#un (4)
[G]"? = {X] X< {a, d, e} & [X] >2} remark: possibly a different

reading of (4), with gather
= come to the gathering

M= (fa.be.d e}, [ 1) none for X predicted: [ (4)
M =g hence none for X MB intuition: —(|=3 (4))
[GI" = {X| X S {a,d, e}: |X]>2} problem: (4) presupposes

a plural set of women

4" Fu Ax MW (x))) A ~Ix(Mu(x S x” A G(x)) A sm(x’, x)))
iff Ix'€ PD")\D}:
VddeX — {d} € [W]") & -AX(D C X € X' & XE [G]Y)

11
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3. DETAILED DERIVATIONS

(1) All the women gathered in the square. {MON1, collective VP
0. [=u all x(6:(W(x)), G(x))

1. = 3 M0 (x ) A Mi(x S x' A G(x)) A all(x’, x)) A2.Q
2. GM[AxAx (MLASAW(x D)) A Mu(x S x' A GX)) A all(x’, x)l =T D4:|=
3. AH,K: G~ H& H~, K FQ

& KIMA(S(W(x)M] = T & K[Mu(x S x"A Gx)] =T

& (K(x"), K(x)) € [all]
4. AH,K: G" ~,H& H~, K FM, D2.[[all]

& ~AIK =, J & K(x) T J(y) & J[6(W(y)]=T)

& K[oAWx NI =T

& —AJK ~,J & K(x) CJy) & Jly S x' A GO)]=T)

&K[x S x'A Gx)] =T & K(x) S K(x)
5. IHK: G~ H& H=~.K D3.A, S, B(, 4, D2.~

& ~AJK =, J & K(x) T J(y) & J[6(W(y)]=T)

& K[oAWx NI =T

& —3JK =, J & K(x) C J(y) & J(v) € K(x') & J(v) € [G])

& K(x) € K(x") & K(x) € [G] & K(x) S K(x)
6. AHK: G~ H& H~.K rearr., simplify

& K[oAWx NI =T

& K(x) = K(x") & K(x) € [G]]

& ~ANK =, J & K(x) T J(y) & J[6(W(y)]=T)
7. AHK: G~ H& H~.K Fo, D2.~,, D3.B(

& VIK =, 1 & I(y) € K(x) & [I(y)| =1 = I(y) E[W])

& K(x) = K(x") & K(x) € [G]]

& —~AJK =, J & K(x)C Jy) & VI(J =.I'& I(z) S J) & |[(2)| = 1 — I(y) E [W]))
8. AH,K: GM ~ . H& H~K elim. V7

& Vd(d E K(x) — {d} € [W])

& K(x) = K(x") & K(x) € [G]]

& ~AJK =, J & K(x)CJ(y) & Vd(d E J(y) — {d} € [W]))
9. AH,K: G~ H& H~ K elim. 3J

& Vd(d E K(x) — {d} € [W]) & K(x) = K(x") & K(x) € [G]]

& -AVK(x\C Y& Vd(dE Y — {d} € [W]))
10. X, X'€ P(D"\{D}: elim. 34, 3K

VddEX — {d} E[W]) & X=X'& XE [G]

&-AYX'CY& VAdE Y — {d} € [W]))
11.3Ixe PD")\{@}: elim. 3.X

Vd(dE X — {d} E[W]) & XE [G]

&-AVXC Y& Vd(dE Y — {d} € [W]))

12
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(2) Every child is asleep. {MON1, distributive VP
0. [=u all x(8(C(x)), 6:.(S(x)))

1. = I3 (MLA0A(C(x))) A Mi(x S x” A 0LS(x))) A all(x’, x))
2. GM[AxAx (MLA(AC(x)) A Mi(x S x’ A 8S(X))) A all(x’, x))l = T D4:|=
3. AH,K: G~ H& H~K FQ

& KIM(SA(C(xMI = T & K[Mi(x € x" A 0(S(x)] =T
& (K(x"), K(x)) € [all]
4. AH,K: G" ~,H& H =~ K FM, D2.[[all]
& ~AIK =, J & K(x) CJ(y) & J[6(CONI=T)
& K[oA(CONI=T
& K =, J & K(x) CJ() & J[y € x’ A 8(Sx)]=T)
& K[x S x’' A 6(SX))N] =T & K(x') < K(x)
5. AH,K: G" ~,H& H =~ K D3.A, S, B(, A
& ~AIK =, J & K(x) CJ(y) & J[6(CONI=T)
& K[oA(CONI=T
& ~J(K =, J & K(x) C J(y) & J() € J(x') & K[(S(x))] = T)
& K(x) € K(x') & K[8AS(x)N] =T & K(x') = K(x)
6. AHK: G~ H& H~.K rearrange, simplify
& K[oA(CONI=T
& K(x) = K(x) & K[6ASGNI =T
& ~AJK =, J & K(x) CJ(y) & J[6(CONI=T)
7. AH,K: G ~, H& H =~ K Fé, D3.B(,D2.~,
& VIK =, 1 & I(y) € K(x) & |I(y)| =1 = I(y) E[C)
& H(x)=K(x) & VI(K ~,1& I(y) € H(x) & [I(y)| = 1 — I(y) E [S])
& —JK =~,J & K(x) C J(y)
& VIJ=.1&I(z) € J») & |I(z) = 1 — I(z) € [C]))
8. AH,K: GM~ . H& H~K elim. V7
& Vd(d E K(x) — {d} € [C])
& H(x) = K(x") & Vd(d € H(x) — {d} E [S])
& —AJK =, J & K(x)C J(y) & Vd(d E J(y) — {d} € [C]))
9. AHK: G~ H& H~.K elim. 3J, simplify
& H(x)=K(x) & Vd(d E K(x") — {d} € [C] & {d} E[S])
& -AV(K(x\C Y& Vd(d E Y — {d} € [C]))
10. X, X'€ P(D"\{D}: elim. 34, 3K
X=X'&VddEX — {d} E[C] & {d} E[S])
&-AYX'CY& VAdE Y — {d} €[C]))
11.3Ixe PD")\{@}: elim. 3.X
Vdde X — {d} €[C] & {d} €[S])
& -AVXC Y& Vd(dE Y — {d} € [C]))
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(3) Most (of the) women gathered in the square. {MONT, collective VP

0.

|=» most x(5(W(x)), G(x))

1. = T M AW (X)) A Mi(x S x" A G(x)) A most(x’, x)) A2.Q
2.
3. AH,K: G~ H& H~, K FQ

GV AxAx (M A(S(W(x)) A Mi(x S x” A G(x)) A most(x’, x))] = T D4:|=

& KM A(6:(W(x)M] =T & K[Mu(x S x"A GX)] =T
& (K(x"), H(x)) € [most]
AH,K: G~ H& H~.K FM, rearrange
& K[oAWx NI =T
& K[x S x' A Gx)] =T & (K(x"), H(x)) € [most]
& K =y J & K(x) CJ(y) & J[6(W(y)] = T)
& —AJK ~,J & K(x) CJy) & Jly S x' A GO)]=T)
AH,K: G ~, H& H=~, K D3.A, S, B(, 4, D2.~
& K[oAWx NI =T
& H(x) € K(x) & H(x) € [G] & {K(x"), H(x)) € [most]
& K =y J & K(x) CJ(y) & J[6(W(y) = T)
& ~AJ(K =, J & H(x) CJ(y) & J(y) € K(x') & J(y) € [G])
IH,K: G~ H& H~. K Fo, D3.B(, A
& VIK ~, & I(z) € K(x) & [I(z)| = 1 — I(z) € [W])
& H(x) € K(x) & K(x) € [G] & {K(x"), H(x)) € [most]
& —AIK =, J & K(x)CJ) & VIJ ~. 1 & I(z) € J») & [I2)| = 1 — I(z) € [7]))
& ~AJK =, J & H(x) CJ(y) & J(y) € K(x') & J(y) € [G])
A0, K: G~ H& H~. K elim. Vd
& Vd(d € K(x') — {d} € [W])
& H(x) € K(x) & H(x) € [G] & {K(x"), H(x)) € [most]
& ~AJK =, J & K(x)CJ(y) & Vd(d € J(y) — {d} € [W]))
& ~AJK =, J & H(x) CJ(y) & J(y) € K(x') & J(y) € [G])
AH,K: G ~, H& H=~, K elim. 3J, simplify
& Vd(d € K(x') — {d} € [W])
& H(x) € K(x) & H(x) € [G] & {K(x"), H(x)) € [most]
& -AVK(x)C Y& YddE Y — {d} € [W]))
& —AY(H(x)C Y € K(x) & Y € [G])
ax, X' e P(D"\{D}: elim. 3H, K
& VddEX — {d} € [W])
&EXCX & XE[G] & (X, X) E [most]
&-AYX CY& VAdE Y — {d} € [W]))
&AYX CYS X' & YE[G])

10. Ax, X' € P(D"\{D}: D2.[most]]

& Yd(dEX — {d} € [W])

&XS X &XE[G] &X' N X > |[X\X|
&-AY(X CY& YddE Y — {d} E[W]))
&-AY(X CY<S X' & YE[G])

14



Sem III (Bittner) Top 5: Plural information states

(4) None of the women gathered in the square.

0.
1. =y ~AxAx (MA 0 (x))) A Mi(x S x" A G(x)) A sm(x’, x))
2.

3. AH,K: G ~, H& H =~ K

[=u —sm x(0(W(x)), G(x))
GVAxAx (M (S(W(x)) A Mi(x S x’ A G(x)) A sm(x’, x))] £ T

& KM AW (xMI =T & K[Mu(x S x"A G(x)] =T

& (K(x"), H(x)) € [sm]
-AH,K: G ~, H& H =~ K

& K|[6X'(W(x ,))]] =T

& K[x Sx'AGx)] =T & (K(x"), H(x)) € [sm]

& ~ANK =, J & K(x) CJ(y) & J[6(W(y)] = T)

& —AJK ~,J & K(x) CJy) & Jly S x' A GO)]=T)
-AH,K: G ~, H& H =~ K

& K|[6X'(W(x ,))]] =T

& H(x) € K(x) & H(x) E [G] & {(K(x"), H(x)) € [sm]

& ~ANK =, J & K(x) CJ(y) & J[6(W(y)] = T)

& —AJK =, J & Hx)CJ(y) & J(y) € K(x) & J(y) E[G])
-AH,K: G ~, H& H =~ K

& VIK =, 1&1(z) € K(x) & |l(z)| =1 — I(z) € [W])

& H(x) € K(x) & K(x) € [G] & {K(x"), H(x)) € [[sm]

Fall 2009

VMON1T, collective VP

A2.Q
D4:]=, D3.—
FQ

FM, rearrange

D3.A, S, B(, 4, D2.~

F5, D3.B(, 4

& ~AIK ~,J & K(x)C J(y) & VIJ ~. [ & I(z) € JO) & [[2)| = 1 — I(z) € [W]))

& ~AIK ~,J & H(x)C JO) & J() € K(x) & J) € [G])
-AH,K: G ~, H& H =~ K

& Vd(d € K(x') — {d} € [W])

& H(x) € K(x) & H(x) E [G] & {K(x"), H(x)) € [sm]

& ~AIK ~,J & K(x')C J) & Vd(d € Jy) — {d} € [W]))

& ~AJK ~,J & H(x)C J() < K(x') & J) € [G])
-AH,K: G" ~, H& H =~ K

& Vd(d € K(x') — {d} € [W])

& H(x) € K(x) & H(x) E [G] & {(K(x"), H(x)) € [sm]

& -AVK(x)C Y & VddE Y — {d} E [W]))

& ~3Y(H(x)C Y < K(x) & Y € [G])
-3x, X’ € P(D")\{D}:

& VddE X' — {d} € [W])

XS X &XE[G| &X' NX+D

& -AVX C Y& VddE Y — {d} E[W])

&AYX CYS X' & YE[G])

10. —3AX, X' € P(D")\{D}:

& VddeX — {d} €[W])
&DCXS X' &XE[G]
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elim. Vd, simplify

elim. 4J

elim. 3H, K, D2.[sm]

simplify



