TSem (Bittner) Top 6: van den Berg 1994, 1995

Notes on van den Berg 1994, 1995:

Plural Predicate Logic

I. Two approaches to collectivity and distributivity

Paradigm examples:

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

(3) [John and Mary] bought a house

Plural entity approach (Link 1983, 1987)

Fall 2006

collective VP
distributive VP
ambiguous VP

e D, structured (e.g. by ©) into atoms (w/o proper parts) & pluralities (wW/ proper parts)

e Collective predicates are predicated of pluralities

 Distributive predicates are distributed, by °, over atomic parts of pluralities

e.g.
(1) Adam and Beth are a nice couple.
(1)) C(a+b)

(2) Adam and Beth are students.
(2) PAx[Sx](a + b)

Vy(y = (a+b) A ly—Sy)
= Sa A Sb

(3) Adam and Beth bought a house
(3,) 3z(Hz A B(a + b)z)

(3'v) PAx{Ay(Hy A Bxy)l(a + b)
Vy(y = (a + b) A 1y — Az(Hz A Byz))
Ay(Hy A Bay) A Ay(Hy A Bby)

Plural information state approach (van den Berg 1994, 1995)

collective VP

distributive VP

df. ® (Link 1987)
if 1a, 1

collective reading

distributive reading
df.”
if 1a, 1

e G structured (e.g. by ©) into atomic u-states (w/o proper u-parts) & plural states
* collective predicates are predicated of the sets of values in the current plural info-state

* distributive predicates are distributed, by 8

e.g.
(1) Adam and Beth are a nice couple.
(1) Cla+Db)

(2) Adam and Beth are students.
(2g) Jx(x = (a + b) A 5,(Sx))

= x(x=(a+b) A Vy(y S x A 1y — Sy))
Sa n Sb

(3) Adam and Beth bought a house
() Iy(Hy A B(b + a)y)

(3's) Ix(x = (a + b) A 8,(Fz(Hz A Bxz)))
= Jx(x =(a+b) A Vy(y S x A 1y — Jz(Hz A Byz))
dz(Hz A Baz) A Az(Hz A Bbz)

u’

over atomic u-states of the current plural state

collective VP

distributive VP

df. §, (vd Berg 1994)

collective reading

distributive reading
df. o,
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IT Logic with Pluralities (LP=, a la Link 1983)

DEFINITION O (LP*-syntax)
ifa € Con or o. € Var

a € Trm

(o +p)ETrm
(o= pB) € WIF
af,...p,€ WIf
(b A p) € WIT
- € WIf
Aup € WHE

wJd >>=xn + =

if o, p € Trm
iff o, p € Trm

iffa €Prd" & B, ..

iff o, p € WIF
iff p € WIE

- B, € Trm

iff u € Var, ¢ € WIf

DEFINITION 1 (LP* models and assignments)
e An LP*-model is a structure M = (D", [-]") such that:
(i) For some non-empty set A, D" =P(A) - &
(ii) For all o € Con, [a]" € D", and for all o € Prd”, [a]" C (D")"
e An M-assignment is a function g such that Dom g = Var and Ran g C D".
The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,
h(u)=d & Yv € (Var — {u}): h(v) = g(v)
Ad € D": glu/d] = h

glu/dl=h iff
g=, h iff

DEFINITION 2 (LP=-semantics)

t glol¥ =
gdoa+pl" =
da=pl” =
glop,...p1" =
d@orypl” =
gl=1" =
2l3ug]” =

w1l >>xNn +

el

g(a)

(glad™ U glpl™)
T iff

T iff

T, iff

T, iff

T, iff

DEFINITION 3 (LP= Truth).
e ¢Qistruein M, =, ¢,iff Vg € G: g[¢p]"=T

ABBREVIATIONS 1 (standard)

=(=a A =B)

—(a A =P)
=Ju-¢

if o € Con
if o € Var

glal™ C glp1™

(eIpd", ... glp1™) Elod™
dol¥=T & glyl"=T
gdol"=1

g~ h & Hol" =T

the wff like ¢ except that every free occurrence of u is replaced with u’

ABBREVIATIONS 2 (identity, atomicity, distributivity)

* (avp) =

(a—p) =
. qu) =
* Oluu’] =
¢ (a=p) =
e 1o =
* Phulglo =

((a=P)AP=w) a, p € Trm
Vixsa—=x=q) o € Trm
Vu(u' <o A lu’— ¢lu/u’) ¢ € WIf, o € Trm

no free #’in ¢
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IIT Plural Predicate Logic (PPL, see van den Berg 1994, sec. 2)

DEFINITION O (PPL-syntax)

t o€ Trm ifa € Con or o € Var

+ (@+pB)ETrm ifao,p € Trm

C (aCp)eWff iffa,p& Trm

R op,...p,€ Wit iffoEPrd" &, ..., B, E Trm

A (b Ayg)EWEE  iff ¢, p € WIF

- € WIf iff ¢ € WIf

31 Jup e WIf iff u € Var, ¢ € WIf

DEFINITION 1 (PPL models and assignments) 3rd try

A PPL-model is a structure M = (D", [-]") such that: (i) D" is a non-empty set, and

(ii) for all o € Con, [a]" € D", and for all o € Prd”, [a]" C (P(DY))"

An M-assignment is a function g such that Dom g C Var and Ran g C D",

The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,

gluldl=h iff DomgU {u}=Domh & h(u) =d & Yu'€ (Dom g — {u}): h(u") = g(u’)
g=, h iff 3Ade€ D: glu/dl=h

An M-information state is a set of M-assignments. For any G, HC G, u € Var, d € D",
G(u) = {deD"13geG:g(u)=d} cf. vd Berg 1995:79
Glu/d] = {glu/d]: g € G} “

G=,H iff  Vd & D": Glu/d] = H[u/d) “

DEFINITION 2 (PPL-semantics)

AN

wi>xN+

Glo]™ = {lad"} if a € Con
= G(o) if o € Var
Gl(o+B)N" = Glol™ U GIRI"
Gl@CpI” = T iff Glal™ C GIpI™ vd Berg 1994:4
Glap,..Bl" = T iff (GIB1", ..., GIB,)™) € [l «
Gl(o ayN" = 1, iff Glol" =T & Gly]" = T «
Gl-¢])"= T, iff  Gl¢]¥ =L «
Gl 3ug]™ = T, Iiff AH: G=~, H& H[¢]" =T «

DEFINITION 3 (Truth).

¢ is true in M, 1=, ¢, iff G[¢]"'= T

ABBREVIATIONS 1 (standard)

(@vP) = Coap)

(o —=P) = ~(an-p)

Yug = —Jdu-¢

olu/u’l = the wff like ¢ except that every free occurrence of u is replaced with u’
ABBREVIATIONS 2 (identity, emptiness, atomicity, distributivity)

(0=p) = (@CP)APBCw) for ct, € Trm

Ou = VYuu'Cu—-u'=u)

1u = (OuAVuuCun-0u— u=u)) # vd Berg 1994:(14)

0,(h) = Yulu'Cunlu — ¢plu/u’) ¢ € WIf, nou’in ¢
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IV. Some useful facts

Top 6: van den Berg 1994, 1995

LP* facts:

Fact A1

v gl vyl =1, iff g¢p]¥=L&gyl”=1
= d@—=pI" =1, iff g¢l"=T &gyl"=1
3 glFugl” = 71, iff 3Ide D" glwdl¢]"=T
V gdVu@p—=yI” = 1, iff Vde DY gludlpl” =T — glu/dllyl” =T
Fact A2

= gl(a=p)1" =T, iff glal”=gdpl"

1 gl1la]¥ =T, iff lga]=1

Proof: Exercise

PPL facts:

Fact A1’

v Gl vyl” =1, iff Gl¢o]"=L&Glyl"=1
- Glo—=PI¥ =1, iff Ge]Y=T &Gly]¥=L1
V GIVu(p—=y) "= 1, iff VH:G=H&H[Y"=T—=Hy]"=T
Proof:

v, —

Exercise

v

L. GIVu(¢ =" =T

2. GI-u~(p—=P) 1" =T

3. GlAu~(p—=y) ¥ =1

4, -3H: G~ H & H[~(¢p = P)|"=T

5. -3H: G~ H & H[(¢p = P)]¥ = L

6. -3H: G~ H & H[$]" = T & H[y]" = L

7. VH:G=H&H[Q|" =T = H[y]"=T

Fact A2’

= Gl(a=pN" = T, iff Glal”CGIRIY

0 G[0u™ =T, iff G ={}

1 Gy =T, iff IGwl=1

Proof

. Glla=p)1" = T

. Gl(@EPAPBCapl’=T

. Glal" CGIBIY & GIRIY C Glal™

1
2
3. GlaCPN"=T&IBCw)]"=T
4
5

. Glol" = GIBI™

Fall 2006

AlVY

D2.—

D2.3

D2.—

Fact Al'.—
rearrange

A2.=
D2.A
D2.C
df. C
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0 (Assuming u #u’)

1. GlOu]"=T

2. GIVuu'Cu—-u'=uw)]"=T A2.0

3. VH:G=~, H& Hlu'Cul"=T—Hlu'=u]"=T Fact A1'.Y

4. VH: G=~,H & H[ul" C Hlu]" — H[ul" = Hlu]" D2.C, Fact Al'.=

5. VH:G=,H& Hu") C H(u) — H(u") = H(u) D2.t

6. VH.G=,H& Hu") C G(u) = Hu') = G(u) Dl1.=, Glu/d]

7. Gu)={} see below
6)=(7)
Define G, := {g € Glu’€ Dom g} and H, := {g — {{u’, gu")} : g € G,} U (G-G,).
Then, G =, H,, since Yd € D", Glu'/d) := {glu'/d): g € G} ={hlu'/d]: hE H,} =: H [u’/d].
Moreover, H (u") C G(u), since H (u') := {d € DI 3h € H,: u’ € Dom h} = &. Given (6),
G=,H, & H,/((u") € G(u) implies H (u’) = G(u). Since H (u') = J, we thus get (7).
(7) = (6)
Assume (7) G(u) = &. Then, for all H, H(u") € G(u) implies H(u’) = &. Hence (6).

1' (Assuming u # u’)

1. Gllu]"=T

2. GI0uAVuu'Cun=-0u—u=uw]"=T A21

3. Gl0u]"=L &GIVuu'Cun—-0u—u'=u)]"=T D2.A, =

4, Gu)2{} &VH:G~, H& Hlu'Cun-0ul”=T—Hlu'=ul” =T Fact Al'.Y,A2'.0

5. Gu) #{} D2.A, =
&VH:G~, H& Hlu'Cul"=T&HO0u]"=1L—Hlu'=u]"=T

6. Gu)#{} D2.C, Fact A2'.0, =
& VH: G=,H& Hlul" C Hlu]" & Hu') # {} — Hlul" = Hu]"

7. Gu)#{} D2.t, D1.=, Glu/d]
&VH:G=,H &Hu")C Gu) & Hu'y # {} = Hu') = G(u)

8. IGw)l=1 see below
(7)=(8)

Consider any d,, d, € G(u). Define H, := {glu’/d,]: g € G} and H, := {g[u'/d,]: g € G}. Then
(1) H,(u") = {d,} and H,(u") = {d,}. Moreover, (ii) H, =, G & H,(u") € G(u) & H,(u') # & and
(i) H, =, G & H,(u") € G(u) & Hy(u’) # &. Given (7), (ii) implies (iv) H,(u") = G(u), while
(iii) implies (v) Hy(u") = G(u). Hence (vi) H,(u") = H,(u"), which together with (i), implies
(vii) d, = d,. Since this holds for any d,, d, € G(u), we must have (8) IG(u)l = 1.

&=

Assume (8) IG(u)l = 1. Then, for some d € DY, G(u) = {d}. So Hu") C G(u) & Hu') = &
implies H(u") = {d}. Hence (8).

' Note that ‘1u’ is not equivalent to van den Berg’s ‘sing(x)’. Given the definitions,

1x = =0x A Vy(y Cx A =0y — y=x) A2" above

sing x = VyyCx—=y=xv 0y vd Berg 1994:(14)
Gl1A" = T iff IG(x)I = 1, whereas G[sing(x)]" = T iff IG(x)| = 1. Given what van den Berg says
about (14), he wants ‘1x’, not ‘sing(x)’, so that’s what we’ll use, e.g., in the definition of 9,.
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V. Collectivity and distributivity: LP* v. PPL.

(1) Adam and Beth are a nice couple collective VP

LP= analysis: (1) iff (5) LP= df’s & facts

1. I=,C(a+Db)

2. Vg:glCla+b)]"=T D3

3. Vg:gla+b]"E[C]” D2.R

4. Vg: (gla™ U glb]™) 1™ D2.+

5. (a™ulpl™ el D2.t

e.g. true in any LP*-model M s.t.:

[al" = {a} [61" = {b} {a, b} €10"

PPL analysis: (1) iff (5) PPL df’s & facts

1. I=,C(a+Db)

2. GlCla+b)"=T D3

3. Gla+b]"elC” D2.R

4. (Gla]™ U G[B]") €11 D2.+

5. ({ld"}y U {161"}) €1 D2.t

6. {la", 161"y €lC1" df. U

e.g. true in any PPL-model M s.t.:

[al" =a [61"=b {a,b} E1C]"

(2) John and Mary are students. distributive VP

LP= analysis: (1) iff (9) LP= df’s & facts

1. I=, Ax[Sx](a + b)

2. l=, Vy(y=(a+b)Aly—Sy) A2.°

3. Vg [Vyy=s(a+b)aly—=Syl"=T D3

4. Vg VdeD": gly/dlly<s(a+b) A y]¥=T Fact A1.Y
— gly/dlISyl" =T

5. Vg:VdeD": gly/dlly < (a+ b)Y =T & gly/dl[1y]" =T D2.A
— gy/dlISyl" =T

6. Vg:Vd e D": g[y/dliyl" C gy/dll(a + b)]" & g[y/dlly]" = 1 D2.<, Fact Al.1
— gly/dliyl” e1s1™ D2.R

7. Vg:Vd e D" d C (g(y/dllal” U g(y/dllb]") & Idl = 1 D2.t, D1.g[u/d]
—de|[s)”

8. Vg:VdeD". dC (a" Ulb") &ldl =1 D2.t
—de|[s)”

9. VdeD". dC (a" Ulb") &ld=1—de[S]" simplify

e.g. true in any LP*-model M s.t.:
[al" = {a} [61" = {b} {a}, {b} €151
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PPL analysis: (1) iff (9)

M

l=,, Ix(x = (a + b) A 8,(5x))
GlAx(x=(a+b) AS(SX)Y=T
AH: G~ H&Hlx=(a+b) AVyyCxaly—=Syl"=T
AH: G~ H&Hlx=(a+b)]"=T&HVyyCxaly—=5S)"=T
dH: G =.H

& HlA" = Hla]* U H[b]"

& VK:H= K& (Kly Cx A Iy]"=T — K[Sy]" = T)
dH: G =.H

& H(x) = {la"} U {16]"}

&VK:H=~ K& (KIyl" C KIx" & K[Iy]" =T — K[y]" €[S]")
dH: G =.H

& H(x) = {lal™, 161"}

& VK: H =, K & (K(y) C K(x) & IK(y)l = 1 — K(y) € [S]")
dH: G =.H

& H(x) = {lal™, 161"}

& VK: H = K & (K(y) C H(x) & IK(y)l = 1 = K() E[S]*)
{ld"} €181" & {161"} €151

& =0)

Suppose (8). Then there is some H,, such that (a) & (b) & (¢):
a. G=H,

b. Hy(x) = {lal",[5]"}

c. VK:Hy=~ K& (K(y) C Hy(x) & IKy)l=1—K(y) € N

Fall 2006

PPL df’s
D3

D2.3, A2.3,
D2.A

Fact A2 .=, +
Fact A1'.Y

D2.t
D2.A, & R

df. U
D2.t, Fact A2'.1

D1.G ~, H, G[u/d]

Define K, := {h[yal"]: h € H,} and K, := {h[y/[b]"]: h € H,}. Then:

d. Hylad"] =K [ylal"] & K,(y) = {lal"}
d'. H,[yIb]"] = K,[y[b]"] & K,(y) = {1b]""}
e. Hy= K, & (K(y)C Hyx) & IKMI=1
e'. Hy=, K, & (K,(y) C Hy(x) & IK,(y)I =1
f. {la"} €181

f'. o]} 151"

Hence (9).

9)=@®)
Exercise.

e.g. (9) is true in any PPL-model M s.t.:
[al"=a [61"=b {a}, {b} E[S]"

D1.Glu/d], G(u), df. K,
D1.Glu/d], G(u), df. K,
D1.G =, H, (d), (b)
D1.G =, H, (d), (b)
©), (), =

(©), (), =
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Quantifiers in Plural Logic

0. Quantifiers as 2-place predicates

Extend PPL with:
D1
e Forall A, BE€ PD"):
(A, By Ealll™ iff ACB
(A, By € [sm]" iff ANB=#{}
(A, By E[mosq™  iffIAN Bl >IA - Bl

(A, By € [n]" iffIANBl=n forne {0, 1,...}

ABBREVIATIONS 3 (proper part, maximization, induced quantifiers)

e (aCBh) = (aCP)Ar(P=a) for o, p € Trm

e M,() = (u(wuCu’ A dlu/ul) A d) ¢ € WIf, nou’in ¢

o Qu(d,y) = Fuu' M (dlu/u]) A M,(u S u’AYP) A Qu'n) 0 € {all, sm, most, ...}
Q’u(d, p) = Qu(d,(9), d,(}))

Then:

Fact 3’

e GlaCPI” =Tiff Glal" C GIBI™

o GIMPIY =Tiff =AH:G=~,H& Hlul"C Hlul" & Hl¢p[u/u"=T) & GI¢p]" =T

Some paradigm examples:

(1) All the women gathered in the square. {MON1, collective VP

(1") all x(6,(Wx), Gx)
= A M S, (Wx) A M(x Sx’A Gx) Ax” Cx)

(2) Every child is asleep. yMON 1, distributive VP

(2") all® x(Cx, Sx)
= Ax M (S, (Cx)) A M (x © x" A 8,(Sx)) A x'C x)

(3) Most women gathered in the square. MON 1, collective VP
(3") most x(0,(Wx), Gx)
= A M (S, (Wx')) A M,(x C x" A Gx) A most x'x)

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

4") - sm x(0,(Wx), Gx)
= dxdAx M (3 A(Wx)) A M,(x C x" A Gx) A sm x'x)

(5) (Last year) two scientists (jointly) wrote an important paper. collective
(5" 2x(8,(Sx), Iy(Py A 1y A Wxy))
= A M (3,4Sx) A M (x © x" A Jy(Py A 1y A Wxy) A 2 xX)

(6) (Last year) two scientists (each) wrote an important paper. distributive
(6") 2x(8,(Sx), d.(Fy(Py A 1y A Wxy)))
= A M (8, (Sx) A M (x © x"A 8, (Fy(Py A 1y A Wxy)) A 2 x'x)
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1. Details of (1)

(1) All the women gathered in the square. {MON T, collective VP
(1") all x(6,(Wx), Gx)
= A MO AWx) AM(xCx"AGx)ax’ Cx)

Truth condition:
1. 1=, xAx M S, A(Wx)) A M(x Cx’A Gx) Ax" Cx)

2. GIIAM O A WxNAMGECx'AG)Ax’ CT)IY=T D3

3. AH:G =~ H& HA3xM S Wx ) AMxCx'AGx)ax’ Cx)l"=T D2.3

4. 3dH,K: G= H& H=, K D2.3, rearr.
& KIM (S AWxNAMG@Cx'AG)Ax" Cx"=T

5. 3H,K: G~ H& H~, K D2.A

& KIM (S AWxNI"=T & KIM(xCx’' A Gx)]"=T
&Klx' Cx¥ =T
6. AH,K: G~ H& H~, K F3'.M, D2.A, C
& ~(AL" K =, L' & L1x1"C L1yl" & L1 5,(Wy)" = T)
& KIS (Wx)l¥ =T
& —(AL: K = L & L|A"C Ly]" & Ly]" C LIx1" & LIGy]" = T)
& KIA" C KIx1" & KIGAY =T
& Klx']" C K«
7. dH,K: G= H& H=, K simplify
& ~(AL" K =, L' & L1x1"C L1yl" & L1 5,(Wy)" = T)
& KIS (Wx)l¥ =T
& —(AL: K = L & A" C L[y]" C LIx]" & LIGy]" = T)
& KIAd" = KIx1" & KIGx]" =T
8. IH,K:G~ H&H~.K D2.R,, Dl .~,
& ~(AL" K =, L' & K(x)C L'(y) A28, FI'Y
&VL" L= L"&LMzCy A 1Y =T —=L[Wz"=T)
&VK K= K' & K[zCx'A1"=T = KIWZ"=T
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")
& K(x) = K(x) & K(x) €[G]"

9. 3H,K: G~ H& H~_K D2.A,C, R, ¢
& ~(AL" K =, L' & K(x)C L'(y) F2'.1
&YL" L'~ L"& L"(z) C L) & IL"(2) = 1 — L(z) €[ W]")

& VK K=~ K' & K(z) CK(x) & K(9)l=1—K'(z) €[WM"
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")
& K(x) = K(x) & K(x) €[G]"
10.3H,K:G= H& H=,K rearrange
& VK K=~ K' & K(z) CK(x) & K(9)l=1—K'(z) €[WM"
& K(x) = K(x) & K(x) €[G]"
& ~(AL" K =, L' & K(x)C L'(y)
& VL L'~ L"& L"(z) C L) & IL"(2) = 1 — L(z) €[W]")
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")
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11.3H,K: G~ H & H~,K
& Vd e D": {dy CK(x)) = {d} €M eliminate VK’
& K(x) = K(x) & K(x) €[G]"
& ~(AL" K ~, L' & K(x)C L)
& Vd e D": {d}y C L(y) — {d} €[W]") eliminate VL”
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")
12.3H,K: G~ H & H~,K
& Vd:d € K(x) — {d} €[WM" simplify
& K(x) = K(x) & K(x) €[G]"
& ~(AL" K ~, L' & K(x)C L)

& Vd: d € L(y) — {d} €W simplify
& ~(AL: K =, L & K(x)C L(y) C K(x') & L(y) € [G]")
13.34, A’ C D™ eliminate 3H, K

Vd:dE A — {d} €M™
&A=A'& AE[G]

& -(AB'CD": A’ CB’ & Vd:dE B’ — {d} €[W]") eliminate L', L
&-3ABCD": ACBC A’ & BE[G]™)
14.3A C D™ eliminate A’
Vd:dE A — {d} €M
& Ae[a)”
&-(3B“ A CB’' CD"&Vd: d € B’ — {d} E[W]") simplify
Sample models: Witness for A Truth values
e M,={{a,b,c,d},[1" A:={a,b,c} predicted: l=,, (1)
[W" = {{a}, {b}, {c}} MB intuition: |=,,, (1)
[GI" ={XC{a,b,c}: IXI=2} Ve
e M,={{a,b,c,d},[1" none predicted: l#,, (1)
[WI™ = {{a}, {b}, {c}} MB intuition: I#,, (1)
[GI" = {XC {a, b, d}: IXI = 2} v
e M,={{a,b,c,d},[1" A:={a,b,c} predicted: l=,5 (1)
[WI™ = {{a}, {b}, {c}} MB intuition: I=,,; (1")
[GI"® = {X C {a, b, c, d}: IXI = 2} v/
e M,={{a,b,c,d},[1" none predicted: £, (1)
[WI™ = {{a}, {b}, {c}} MB intuition: I=,, (1")
[GI™ = {{a, b, c,d}} Oops!

Solution: constrain []"
for collective predicates

10



TSem (Bittner) Top 6: van den Berg 1994, 1995

2. Details of (2)

(2) Every child is asleep.
(2") all® x(Cx, Sx)

= A M (3 ACx)) A M (x Cx"A8,(Sx)) A x” Cx)

Truth condition:

1.
. GIBAM B ACx N AMECx'AdSx)Ax’ Col"=T
AH: G~ H & H[AxM (S ACx ) AMxCx' AdSx) ax’ Col"=T

2
3,
4. 3H,K: G~ H& H~, K

I=,, AxAx' M (3 ACx")) A M (x ©x" A 8,(Sx)) A x” C x)

& KIM (S ACXN AMxCx'AdSx)Ax" CTx]"=T
IH,K: G~ H& H~,K
& KIM_ (S ACxN" =T & KIM(x Cx'A 8 (S)Y =T
&Klx' Cx¥=T
IH,K: G~ H& H~.K
& ~(AL" K ~, L' & LIx1"C LTy]" & L1 8,(Cy)l" = T)
& KIS (Cx)Y = T

& ~(AL: K =, L & A" C L)Y & LIy1™ C LIx1" & LI3,(Sy)]" = T)

& K" C Kx1" & KI[8 (Sx)]" =T
& Klx'1" C KIx]™
IH,K: G~ H& H~,K
& K" = K[x1"
& KIS ACx )Y = T
& KIS (Sol¥ = T
& ~(AL" K ~, L' & L1x1"C LTy]" & L1 8,(Cy)l" = T)

& =(AL: K =, L & L[] C Ly]" C L[x1" & L[d,(Sy)]" = T)

AH, K: G~ H& H~,K
& K(x) = K(x)
&VL K=~ L'&L'zCx'A17]"=T = L{CA"=T
&VL: K~ L& LzCxal"=T—=1SA"=T
& ~(AM" K ~, M’ & K(x')C M(y)

&YM" " M=~ M &M1zCyald"=T—=M1CI"=T)

& =(AM: K =, M & K(x) C M(y) € K(x))

&VYM"M=M"&M1zCyA1z]"=T—=M1S4"=T)

JH,K:G~ H& H~_ K
& K(x) = K(x)
&VL K=~ L' &L1zCx'A17]"=T = L{C"=T
&VL: K~ L& zCxalgd"=T = I1SA"=T
& =AM K~ M’ & K(x)C M)

&M M=~ M &M1zCyald"=T—=M1CA"=T)

11
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VMON?, distributive VP

D3
D2.3
D2.3, rearr.

D2.A

F3'M, D2.A, C

simplify, rearr.

D2.R, ¢, Dl.~,
A28, F1I'Y

u’

simplify
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10.3H,K: G ~ H & H~_K D2.A,C, R, ¢
& K(x) = K(x') F2' 1
&VL" K= L' &L(2) CL(x)&IL(2)=1—L(z) €[]
&VL: K~ L& L(z) CL(x) & IL(z)l =1 = L(z) €8]
& ~(AM" K =, M’ & K(x'\C M(y)
&M M~ M" & M"(2) C M"(y) & IM"(2) = 1-> M"(z) E[CT™)
11.3A,A’C D™: simplify
A=A
&Vd:de A’ — {d} e[C]"
&Vd:deA—{d} e[S]”
& ~(AB" A’ C B'C D" & Vd: d € B’ — {d} €[ C]")
12.3A C D™: eliminate A’
Vd:dE A — {d} e[ & {d} €[SV
& ~(AB" A C B'C D" & Vd: d € B’ — {d} E[C]")

Sample models: Witness for A Truth values

e M,={{a,b,c,d},[1" A:={a,b,c} predicted: l=,, (27)
[C™ = {{a}, {b}, {c}} MB intuition: =, (2)
[S1"" = {{a}, {b}, {c}} v

e M,={{a,b,c,d}, [ M) none predicted: l#,, (2")
[C1" = {{a}, {b}, {c}} MB intuition: I#,, (2")
[S1" = {{a}, {b}, {d}} v

e M,={{a,b,c,d},[1") A:={a,b,c} predicted: l=5 (2")
[C1™ = {{a}, {b}, {c}} MB intuition: I=,,, (2')
[S1"° = {{a}, {b}, {c}, {d}} v

12
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3. Details of (3)

(3) Most of the women gathered in the square. MON 1, collective VP
(3") most x(0,(Wx), Gx)
= A M (S, (Wx')) A M (x C x" A Gx) A most x'x)

Truth condition:
1. 1=, T M (8, A Wx')) A M (x C x" A Gx) A most x'x)

2. G[ITx M (S, (Wx)) A M (x Cx'A Gx) A most xx)]" =T D3

3. AH: G~ H & H[Ax M (S A(Wx)) A M, (x Cx'A Gx) Amost xx)|"=T D23

4. 3dH,K: G= H& H=, K D2.3, rearr.
& KIM (8 AWx")) A M (x Cx' A Gx) A most xx]" =T

5. 3H,K: G~ H& H~,K D2.A

& KIM (S AWxNI"=T & KIM(xCx’' A Gx)]"=T
& Klmost xx]" =T

6. AH,K: G~ H& H~,K F3'.M, D2.A, C

& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)]" = T)

& KIS (Wxhl" = T

& —(AL: K = L & L|A"C Ly]" & Ly]" C LIx1" & LIGy]" = T)
& K" C KIx1" & KIGA" =T

& Klmost xx]" =T

7. dH,K: G= H& H=, K simplify, rearr.
& Klmost xx]" =T
& K[§ (WxH" =T
& K" C KIx1" & KIGA" =T
& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)]" = T)

& =(AL: K = L & A" C L[y]" C LIx]" & LIGy]" = T)

8. AH,K:G~ H& H~, K D2.R,1,Dl.~,
& (Klx'1", KIA") € [mosd™ A28, F1'VY
&VK K= K & K{z&x'A 1" =T = KW"=T
& K(x) = K(x) & K(x) €[G]"

& ~(AL" K ~, L' & K(x)C L)
&VL" L= L"&LMzCy A 1Y =T —=LWz"=T)
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")

9. AH,K: G~ H& H~K D2.A,C, R, ¢
& (K(x'), K(x)) € [mosi™ F2'1,Dl.~,
& VK K=~ K' & K(z) CK(x) & K(9)l=1—K'(z) €[WM"
& K(x) C K(x') & K(x) € [GI™

&-AL" K ~, L' & K(x)C L(y)
&VL" L'~ L"& L"(z) CL(y) & IL"(z)l = 1 = L(z) €[W]")
& ~(AL: K ~, L & K(x)C L(y) C K(x) & L(y) E[G]")

13



TSem (Bittner) Top 6: van den Berg 1994, 1995

10. 34, A’C D™
A’ N Al >1A"— Al
&Vd:de A — {dy €[W]"
&ACA &AEIG
& ~(3B* A'C B'C D" & Vd: d € B'— {d} € [W]")
& —-(AB: ACBC A’ & BE[G]"

Fall 2006

[mosd", simplify

Sample models: Witnesses for A’, A Truth values

* M,={{a,b,c,d},[1") A’ :={a,b,c} predicted: l=,, (3")
[WM™ = {{a}, {b}, {c}} A:={ab,c} MB intuition: =, (3)
[GI" ={XC{a,b,c}: IXI=2} v/

* M,=({a,b,c.d}[1") A’:={a,b,c} predicted: I=, (3")
[W™ = {{a}, {b}, {c}} A:={a, b} MB intuition: |=,,, (3)
[G]" = {XC {a,b,d}: IX =2} /

* =({a, b, c, d, e}, [1") A’:={a,b,c} predicted: I#,5 (3)
WHM5 {{a}, {b}, {c}} none for A MB intuition: |#,; (3)

[GI" ={X C {a,d,e}: IXI = 2}

14
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4. Details of (4)

(4) None of the women gathered in the square. {MON |, collective VP
4") - sm x(0,(Wx), Gx)
= adxdAx ML (S A(Wx)) A M,(x C x" A Gx) A sm x'x)

Truth condition:
1. 1=, ~3AxAx M (S, (Wx')) A M(x C x" A Gx) A sm x'x)

2. G[ITx'M (S (Wx) A M(x Cx' A Gx) A smxx)]" =1 D3, D2.-

3. "3H: G =~ H & H[AxM (8 (Wx) AM(xCx'A Gx) Asmxx)]"=T D23

4. -3H,K:G= H& H=,K D2.3, rearr.
& KIM (8 AWx) AM(xCx'AGx) Asmxx]"=T

5. -AH,K:G~ H& H~_K D2.A

& KIM (S AWxNI"=T & KIM(xCx’' A Gx)]"=T
& Klsmxx" =T

6. ~3H,K: G~ H& H~_ K F3'.M, D2.A, C

& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)l" = T)

& KIS (Wxhl" = T

& —(AL: K = L & L|A"C Ly]" & Ly]" C LIx1" & LIGy]" = T)
& KI" C KIx1" & KIGAY =T

& Klsmxx" =T

7. -3dH,K:G= H& H=,K simplify, rearr.
& Klsmxx " =T
& K[§ (WxH" =T
& KI" C KIx1" & KIGAY =T
& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)]" = T)

& =(AL: K = L & A" C L[y]" C LIx]" & LIGy]" = T)

8. -3H,K:G~ H&H~ K D2.R,1,Dl.~,
& (KIx'1", KI") € [sm]" A28, F1'VY
&VK K= K & K{z&x'A 1" =T = KW"=T
& K(x) = K(x) & K(x) €[G]"

& ~(AL" K ~, L' & K(x)C L)
&VL" L= L"&LMzCy A 1Y =T —=LWz"=T)
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) € [G]")

9. -3H,K:G ~ H& H~_K D2.A,C, R, ¢
& (K(x"), K(x)) € [sm]" F2'1,Dl.~,
& VK K=~ K' & K(z) CK(x) & K(9)l=1—K'(z) €[WM"
& K(x) C K(x') & K(x) € [GI™

&-AL" K ~, L' & K(x)C L(y)
&VL" L'~ L"& L"(z) CL(y) & IL"(z)l = 1 = L(z) €[W]")
& ~(AL: K ~, L & K(x)C L(y) C K(x) & L(y) E[G]")

15
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10. -3A, A’C D™; [sm]", simplify
ANAzD
&Vd:de A’ — {d} e[WM"
&ACA & AE[GM
& ~(AB" A'C B’C D" & Yd: d € B'— {d} E[W]")
& ~(AB: ACBC A’ & BE[G]")

Sample models: Counterexamples for A, A  Truth values

« M, ={{a,b,c,d},[1") A’:={a,b,c} predicted: £, (4)
[WIM' = {{a}, {b}, {c}} A:={a,b,c} MB intuition: [#,, (4)
[GI" ={XC{a,b,c}: IXI=2} J/

 M,=({a,b,c,d},['1") A’:={a,b,c} predicted: £, (4)
[WI™ = {{a}, {b}, {c}} A:={a,b} MB intuition: [#,, (4)
[G]" ={XC{a,b,d}: IXI =2} v

 M,=({a,b,c,d}, ['1") A’:={a,b,c} predicted: I, (4")
[WI*° = {{a}, {b}, {c}} A:={a,b,c} MB intuition: [#,; (4)
[GI" = {XC {a,b,c,d}: IXI =2} /

* M,=({a,b,c,d,e},[1") A’:={a,b,c} predicted: =6 (4")
[WM™ = {{a}, {b}, {c}} none for A MB intuition: |=,, (4)
[GI"™ = {XC{d,e}: IXI =2} /

. =({a,b,c,d, e}, [1") A’:={a,b,c} predicted: l=5 (4")
WI]M5 {{a}, {b}, {c}} none for A MB intuition: Logician Speak
[GI"™ ={XC{a,d,e}: IX =2} see Remark below

Remark:

In the situation of M (4), with gather, sounds odd to me--more like LogicianSpeak than English.
4) None of the women gathered in the square.

4") - sm x(0,(Wx), Gx) predicted: l=,5 (4")
= adxdAx M (3 A(Wx)) A M,(x © x" A Gx) A sm x'x) MB intuition: Logician Speak

To the extent that (4) is acceptable in this situation, I am inclined to interpret it distributively, as
Intuitively, (48) is clearly false in M;—which is what van den Berg would predict if (4°) is
assigned the distributive translation (49"):

(40) None of the women came to the gathering in the square.

(40") = sm x(0,(Wx), 0,(CGx) predicted: l#,,5 (48")
= dxAx M (S, (Wx') A M(x C x" A §,(CGx)) A sm x'x) MB intuition: |, (40)

16
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Plural Dynamic Logic

0. Plural Predicate Logic (PPL)

DEFINITION O (PPL models)
A PPL-model is a structure M = (D", [-]") such that D" is a non-empty set and
e forall a € Prd”, [a]"” C (P(DY))"
o forall A, B € P(DY):
(A, B) € [all]" iff AC B (A, B)E [sm]" iff AN B = {}
(A, B) € [most™ iff 1A N Bl > 1A - Bl (A, BYE[n]" iff AN Bl =n, forn € {2, ...}

DEFINITION 1 (PPL assignments)
e An M-assignment is a function g such that Dom g C Var and Ran g C D".
The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,
gluldl]=h iff DomgU {u}=Domh & h(u) =d & Yu'€ (Dom g — {u}): h(u") = g(u’)

g=, h iff 3Ade€ D: glu/dl=h

e An M-information state is a set of M-assignments. For any G, HC G, u € Var, d € DY,
G(u) = {deD"13geG:g(u)=d}
Glu/d] = {glu/d]: g € G}

G=, H iff Vd & D": Glu/d] = H[u/d]

DEFINITION 2 (PPL-semantics)

C GlxCyI” = T iff G(x) C G(»)

R Glox,..x]” = T iff (G(x)), ..., G(x,)) E[a]"
A Gl aIY = T, iff Glol" =T & Glyl"=T
= Gl-¢)" = T, iff Glo]" = L

3 GlAupl” = T, iff 3H: G ~, H & HIo]" = T

DEFINITION 3 (PPL truth).
e ¢istruein M, =, ¢, iff G[¢]"'= T

ABBREVIATIONS 1 (standard)

e (avp) = ~(-oA-p)
(@—=p) = =(ar-p)

o VYud =Ju-¢

* (a=p) (S B)APBEa)
(@CP) = (a&P)a(a=p))

ABBREVIATIONS 2 (zero, unit, distributivity, maximization, induced quantifiers)
e Ou = Yuu'Cu—u'=u)

lu = (0u A Vu(u'Sun=0u"— u'=u))
e J,(d) = Yuu'Cunlu— ¢plu/u’)
M, (9) = (Auw Cu’ A dlu/u’l) A §)
Qu(d, V) = Fudu M, (dlu/u’l) A M,(u S u’ A P) A Quu’)

17
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1. Plural Dynamic Logic (PDL, van den Berg 1994)

DEFINITION O (PDL models)
A PDL-model is a structure M = (D", []*,[-]") such that D" is a non-empty set and
e foralla €Prd", [a]' C(PD")-{D})" & [ol" = (P(D") - {D})" —[a]*
e forall A, BE (P(D") - {D})":
(A, B) E [all]* itf AC B (A, B)E[sml* iff AN B#{}
(A, B) € [mosi* iff 1A N Bl > 1A - Bl (A, B)E[n]*iffIA N Bl=n, forn € {2, ...}

DEFINITION 1 (PDL assignments)
e An M-assignment is a function g such that Dom g C Var and Ran g C D".
The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,
gluldl]=h iff DomgU {u}=Domh & h(u) =d & Yu'€ (Dom g — {u}): h(u") = g(u’)

g=, h iff 3Ade€ D: glu/dl=h
e An M-information state is a set of M-assignments. For any G, HC G, u € Var, d € DY,
G(u) = {deD"13geG:g(u)=d} G,., = {§EGlu&Dom g}
Glu/d] = {glwd]: g € G} G,.s = {gE€GIgw)=d}
G=~, H iff Vd €& D": Glu/d] = H[u/d] A := the g € Gs.t. Dom g = {}
DEFINITION 2 (PDL-semantics)
C GIxCy)IH = T iff G=H& Gx)C G©y)
= 1 iff G=H & [G(x) € G(y)]
= % otherwise
R dGlox,..x]H = T iff G=H & {(G(x)), ..., G(x,)) E[al*
= 1 iff G =H & {(G(x)), ..., G(x,)) Elal”
= % otherwise
A Gl(dAYIH = * iff VK: G[¢lK = * or K[Y]H = *
= T iff AK: GIo]IK=T & K[Yl[H=T
= 1 otherwise
= G[-9lH = T iff GlolH=1 & -3K: Gl¢]K=T
= 1 iff GlolH=T
= % otherwise
e GlelH T iff G=,H
= % otherwise
0 Gld.(9)IH = % |iff G._,#H,_ ordde Gx): G, _JolH,_,=*
= T iff G._,=H._,&VdeGX):G,_[¢lH,_,=T
= 1 otherwise
M GIM(O)IH = T iff GlolJH=T&-3G,H " G=,G' & Gx) CG(x) & G'[¢|H' =T
= 1 iff GlolJH=1& -G ' H - G= G & Gx) CG'(x) & G'[9]H = L
= % otherwise

DEFINITION 3 (PDL truth).
e (istruein M, =, ¢, iff AH: {AHOIH=T

18
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2. Quantifiers in PPL and PDL

(1) Most of the women greeted each other. MON T, collective VP
(1) most x(0,(Wx), Gx) PPL

= Ax M (S, (Wx')) A M, (x C x" A Gx) A most x'x)
(1") most x(0,(Wx), Gx) PDL

= g Ae A MASAWx')) A M(x © x" A Gx) A most x'x

Truth condition for PPL-translation (1'):
1. 1=, xTAx M (8, A Wx")) A M (x C x" A Gx) A most x'x)

2. G[ITx M (S5 (Wx)) A M (x Cx' A Gx) A most xx)]" =T D3

3. AH: G~ H & H[Ax M (5 A(Wx)) A M(x Cx'A Gx) Amost xx)|"=T D23

4. 3dH,K:G= H& H=,K D2.3, rearr.
& KIM (8 AWx")) A M (x Cx' A Gx) A most xx]" =T

5. 3H,K: G~ H& H~,K D2.A

& KIM (S AWxNI" =T & KIM(xCx’ A Gx)]"=T
& Klmost xx]" =T
6. AH,K: G~ H& H~,K F3'.M, D2.A, C
& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)]" = T)
& KI§ (WxH" =T
& —(AL: K = L & L|A"C Ly]" & LIy]" C Lx1" & LIGy]" = T)
& K" C KIx1" & KIGA" =T
& Klmost xx]" =T
7. dH,K:G= H& H=,K simplify, rearr.
& Klmost xx]" =T
& KIS (Wxhl" = T
& K" C KIx1" & KIGAY =T
& ~(AL" K ~, L' & LIx1"C L1y1" & L1 8,(Wy)]" = T)
& =(AL: K = L & A" C L[y]" C LIx]" & LIGy]" = T)
8. AH,K:G~ H& H~, K D2.R,1,Dl.~,
& (Klx'1", KIA") € [mosd™ A28, F1'VY
&VK: K~ K' & KIzCx' A 12" =T — KIWe" = T
& K(x) = K(x) & K(x) €[G]"
& ~(AL" K ~, L' & K(x)C L)
&VL" L= L"&LMzCy A 1Y =T —=LWz"=T)
& ~AL: K ~, L & K(x)C L(y) C K(x) & L(y) E[G]")

9. AH,K: G~ H& H~, K D2.A,C, R, ¢
& (K(x'), K(x)) € [mosi™ F2'1,Dl.~,
& VK K=~ K' & K(z) CK(x) & K(9)l=1—K'(z) €[WM"
& K(x) C K(x') & K(x) € [GI™

&-AL" K~ L' & K(x)C L(y)
&VL" L'~ L"& L"(z) CL(y) & IL"(z)l = 1 = L"(z) €[W]")
& ~(AL: K ~, L & K(x)C L(y) C K(x) & L(y) E[G]")
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10. 34, A’C D™
A’ N Al >1A"— Al
&Vd:de A — {dy €[W]"
&ACA &AEIG
& ~(3B* A'C B'C D" & Vd: d € B'— {d} € [W]")
& —-(AB: ACBC A’ & BE[G]"

Fall 2006

[mosd", simplify

Sample models: Witnesses for A’, A Truth values

* M,={{a,b,c,d},[1") A’ :={a,b,c} predicted: l=,, (3")
[WM™ = {{a}, {b}, {c}} A:={ab,c} MB intuition: =, (3)
[GI" ={XC{a,b,c}: IXI=2} v/

* M,=({a,b,c.d}[1") A’:={a,b,c} predicted: I=, (3")
[W™ = {{a}, {b}, {c}} A:={a, b} MB intuition: |=,,, (3)
[G]" = {XC {a,b,d}: IX =2} /

* =({a, b, c, d, e}, [1") A’:={a,b,c} predicted: I#,5 (3)
WHM5 {{a}, {b}, {c}} none for A MB intuition: |#,; (3)

[GI" ={X C {a,d,e}: IXI = 2}

20
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Truth condition for PDL-translation (1”):
1. =8, 8 80 A MAOAWX') A M (x € x" A GX) A most x'x
2. 3AH: {A}e A e, A M A AWx) A M(x Cx’A Gx) A most xx]H=T D3

3. 3AH, I {A}le]ll=T D2.A
& e, A MO (Wx) AM(xC x'AGx) AmostxXx]H=T
3. 3H,I. {A} = 1 D2.e
& e, A MO (Wx) AM(xC x"AGx) AmostxXx]H=T
4, AH, I. {A} = 1 D2.A
& AL Me /=T
& JIM (0, (Wx) A M(x Cx"A Gx) AmostxXx]H=T
4. 3AH, 1L J: {A} = [ & =] D2.¢g, rearrange
& JIM (8, (Wx) A M(xC x"A Gx) Amost xx|H=T
5. 3H, LJ,K,L: {A} = 1 & I=.J D2.A, rearrange

& JMOAWx)DIK=T
& KIM(xCx'AGx)IL=T
& LmostxXx]H=T
6. AH, LJ, K, L: {Ay =~ 1& I~.J D2.M, R
& JS(WxHNK=T
& -AJ, K" J=.J & Jx)CJ(x) & JOAWxNK'=T
& KlxCx'AGxL=T
& -AK" L K= K"& K(x) CK"(x) & KIxCx'A GxL'=T
& L=H&(L(x"), Hx)) € [mosA*
6. 3H, L, K: {A}y = 1 & [=.J eliminate L
& JIOAWxHNK=T rename L’
& -AJ, K" J=.J & Jx)CJ(x) & JOAWxNK'=T
& KixCx'AGxlH=T
& -AK" " H " K= K'"& Kx)CK"x) & KIxCx'A GAH'=T
& (H(x"), H(x)) € [mosfl*
6".3H, I, J,K,L: {A\} = [ & I=.J D2.A, rearr.
& JS(WxHNK=T
& -AJ, K" J=.J & Jx)CJ(x) & JOAWxNK'=T
& KxCxJL=T & LG]H=T
& -3AK’, L, H" K ~K"& K(x) C K"(x)
&KIxCx|L'=T&LI{GH =T
& (H(x"), H(x)) € [mosfl*
7. AH, LJ, K, L: {A} = [ & [ =.J D2.C, R
(H(x"), H(x)) € [mosd* rearrange
JIOAWxNK=T
K=L&Kx)CL(x)&L=H&Hx)€[G]"
-3, K J=.J & Jx)CJ(x) & JIOAWx)NK'=T
-3AK’, L, H" K~ K" & K(x) C K"(x)
&K'=L'& K'(x)CL(x)& L' =H & H'(x) €[G]*

R
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7. AH, L J. {A}y = 1 & I=.J] eliminate K, L
& (H(x"), H(x)) € [mosfl*
& JOAWx)NH=T
& H(x) CH(x') & Hx) €[G]*
& =3 K" J~.J & J(x) CJx) & JISAWK)K =T
~3H" H~H' & H(x) C H(x) C H(x) & H(x) E[G]* elim. K”, L', smpl.
8 AH,I,J: {A}~ & [~.] D2.5
& (H(x"), H(x)) € [mosfl*
& Jo_, =H._ K &Nd€EJx):Jo JWxlH, _,=T
& H(x) CH(x') & Hx) €[G]*
& -V, K" J=.J & J(x)CJ(x")
&I\, =K\ &NAE T () T JWxIK =T
& -AH"H~_H'& H(x) C H(x) C H(x) & H'(x) E[G]*
9. AH,LJ: {Ay =~ 1 & [~.J] D2.R,DI.G,_,
& (H(x"), H(x)) € [mosfl*
& Jo. =H._ K &VdE I o y=H,_ & {d} € [W"
& H(x) CH(x') & H(x) €[G]*
& -V, K" J=.J & J(x)CJ(x)
&J. =K'\ &NAEJ(): T y=K'_ & {d} € W]
& -3AH"H~_H'& H(x) C H(x) C H(x) & H'(x) E[G]*
210.3A, A’ € (P(D") - {D}): [mosd*, simplify
[A"N Al >1A"— Al
&Vd:deA'— {d} €[W]"*
&ACA'&AE[G]
& ~(AB" A’C B’C D" & Vd: d € B'— {d} E[W]")
& ~(AB: ACBC A’ & BE[GI")

Problem:

(9) is not equivalent to (10). More precisely

e (9) says that there is some superset H(x') of the maximal set of women J(x) such that the
maximal greet-each-other-subset H(x) of H(x’) constitutes a majority of H(x').

whereas

e (10) says that there is a maximal set of women A’ such that the
maximal greet-each-other-subset A of A’ constitutes a majority of A”.

(9) does not entail (10), as the following reasoning shows.
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(9) # (10). Here is a counterexample.
* (10) is false in the following model:
Ms={{a,b,c,d,e},[1[1)
[WI* = {{a}, {b}, {c}}
[Gl"={XC{a,d, e}: IXI =2}

* But (9) is true, as the following witnesses attest:

{A} 1 J H
x x’ x x’ x x’ x x’
*x *x a x a a a a
a b a b
a ¢ a ¢
d d
e e
Then:

1. Yd € D": {A}wd] = {glw/dl: g € {A}} = {{(x, d)}}
= Il/d] = {glx/d]: g €I} = {{(x, d)}}
So{A} =1

2. Yde D" Ix/d] = {glxd]: g € I} = {{{x, a), {x’, d)}}
= JIx7d] = {glx"d]: g € J} = {{x, a), {x’, d)}
Sol=.J

3. (H(x", Hx))=({a,b,c,d, e}, {a,d, e})
So (H(x"), H(x)) € [mosf*
4a.J,_, ={j €J1x'¢& Dom j} = {}
H._, :={h€ Hlx"€Dom h} = {}
SoJ..,=H,._,
4b. Jo., = {j E N j(x) = a} = {{{x, a), (x', a)}}
H._.:={h € H h(x") =a} = {{{x, a), (x, a)} }
Joy ={jEJNjix)=b} = {{<x, a), (x/, b>}}
H,._,:={h € H h(x) =b} = {{{x, a), (x, b)}}
Jo_o={JE N j(x) =c} = {{{x, a), (x, c)}}
H._.:={h € HI h(x") = c} = {{{x, a), (x, )} }
SoVdEJ): .. =H._. & J._(x)={d} EIW"
5. {a,d,e}C{a,b,c,d, e} &{a, d, e} €E[G]"
So Hx) C H(x) & H(x) €[G]*
6. AV, K" J=.J & J(x)CJ(x")
&I\, =K\ &NdET ()T y=K_, & {d} € W]

7. -3H" H~H'& H(x) C H(x) C H(x & H'(x) €[G]*

23
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3. Plural Dynamic Logic (PDL, 2nd try)

DEFINITION O (PDL models)
A PDL-model is a structure M = (D", []*,[-]") such that D" is a non-empty set and
e foralla €Prd", [a]' C(PD")-{D})" & [ol" = (P(D") - {D})" —[a]*
e forall A, BE (P(D") - {D})":
(A, B) E [all]* itf AC B (A, B)E[sml* iff AN B#{}
(A, B) € [mosi* iff 1A N Bl > 1A - Bl (A, B)E[n]*iffIA N Bl=n, forn € {2, ...}

DEFINITION 1 (PDL assignments)
e An M-assignment is a function g such that Dom g C Var and Ran g C D".
The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,
gluldl]=h iff DomgU {u}=Domh & h(u) =d & Yu'€ (Dom g — {u}): h(u") = g(u’)

g=, h iff 3Ade€ D: glu/dl=h
e An M-information state is a set of M-assignments. For any G, HC G, u € Var, d € DY,
G(u) = {deD"13geG:g(u)=d} G,., = {§EGlu&Dom g}
Glu/d] = {glwd]: g € G} G,.s = {gE€GIgw)=d}
G=~, H iff Vd & D": Glu/d] = H[u/d] A := the g € Gs.t. Dom g = {}
DEFINITION 2 (PDL-semantics)
C GIxCy)IH = T iff G=H& Gx)C G©y)
= 1 iff G=H & [G(x) € G(y)]
= % otherwise
R dGlox,..x]H = T iff G=H & {(G(x)), ..., G(x,)) E[al*
= 1 iff G =H & {(G(x)), ..., G(x,)) Elal”
= % otherwise
A Gl(dAYIH = * iff VK: G[¢lK = * or K[Y]H = *
= T iff AK: GIo]IK=T & K[Yl[H=T
= 1 otherwise
= G[-9lH = T iff GlolH=1 & -3K: Gl¢]K=T
= 1 iff GlolH=T
= % otherwise
e GlelH T iff G=,H
= % otherwise
0 Gld.(9)IH = % |iff G,_.,#H,_ orG(x)#Hx)ordde Gx): G,_I¢lH, _,=*
= T iff G._.,=H._,&Gx)=H(x) &VdeEGXx):G,_I¢lH,_,=T
= 1 otherwise
M GIM(O)IH = T iff GlolJH=T&-3G,H " G=,G' & Gx) CG(x) & G'[¢|H' =T
= 1 iff GlolJH=1& -G ' H - G= G & Gx) CG'(x) & G'[9]H = L
= % otherwise

DEFINITION 3 (PDL truth).
e (istruein M, =, ¢, iff AH: {AHOIH=T
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Applications of Plural Dynamic Logic

0. Plural Dynamic Logic (PDL, version 3)

DEFINITION O (PDL models)
A PDL-model is a structure M = (D", []*,[-]") such that D" is a non-empty set and
e foralla € Con, [o]t€E D"
e foralla €Prd", [a]' C (PD")-{TV)' & [al" = (PD")-{T})"-[al*
e forall A, BE (P(D") - {T})"
(A, B) E[alll* iff AC B (A, B)E[sml* iff AN B#{}
(A, B) € [mosi* iff 1A N Bl > 1A - Bl (A, BYE[n]"iffIA N Bl=n, forn € {2, ...}

DEFINITION 1 (PDL assignments)
e An M-assignment is a function g such that Dom g C Var and Ran g C D".
The set of M-assignments is denoted by G. For any g, h € G, u € Var, d € DY,
gluldl]=h iff DomgU {u}=Domh & h(u) =d & Yu'€ (Dom g — {u}): h(u") = g(u’)

g=, h iff 3Ade€ D: glu/dl=h
e An M-information state is a set of M-assignments. For any G, HC G, u € Var, d € DY,
G(u) = {deD"3gE€G:g(u)=d} G,., = {§EGlu&Dom g}
Glu/d] = {glwd]: g € G} G,., = {gE€GIgw)=d}
G=~, H iff  Vd €& D": Glu/d] = H[u/d] A := the g € Gs.t. Dom g = {}
DEFINITION 2 (PDL-semantics)
t Glo] = {la]"} for a € Con
= G(o) for o € Var
@ Glla®p)] = Glal UGIPl
n" Gn*o]H = T iff G=H&O0<n&IG[a]l=n
= 1 iff G=H&0<n&IG[o]l <n
= % otherwise
n Gno]|H = T iff G=H&O0<n&IG[a]l=n
= 1 iff G=H&0<n&lIGlo]l #n
= % otherwise
C Gl(aCPBIH = T iff G=H & Gla] € GIp]
= 1 iff G =H & -[Gla] € GIPI]
= % otherwise
R dGlop,...pJH = T iff G=H&{(GIB], ..., GIB,]) Elal*
= 1 iff G=H&{GIB], ..., GIB,]) Elal”
= % otherwise
A Gl AYIH = > iff VK: G[¢lK = * or K[Y]|H = *
= T iff AK: GIo]IK=T & K[YlH=T
= 1 otherwise
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= G[-9lH = T iff GlolH=1 & -3K: Gl¢]K=T
= 1 iff GlolH=T
= > otherwise
e GlelH = T iff G=,H
= % otherwise
+ Gl+[¢llH = T iff Glg]JH="T
= % otherwise
0 Gld.(9)IH = % |iff G,._.,#H,_ orG(x)#Hx)ordde Gx): G,_I¢lH, _,=*
= T iff G._.,=H._,&Gx)=H(x) &VdeEGXx):G,_I¢lH,_,=T
= 1 otherwise
M GIM(O)IH = T iff GlolJH=T&-3G,H " G=,G' & Gx) CG(x) & G'[¢|H' =T
= 1 iff GlolJH=1&-AG ' H-G= G & Gx) CG'(x) & G'[9]H = L
= % otherwise

DEFINITION 3 (PDL truth).
¢ is true in M, |I=,, ¢, iff AH: {AHOlH=T

1. From English to PDL: Sample problems

&)

KEY:

1"
2)

KEY:

(29
3)

KEY:

39
3%

Most of the women greeted each other.

Wx ‘x is a woman’
Gx ‘x greeted each other’

+e A 27X A MASAWX)] A g, A 2°x A My(x © x" A Gx) A most x'x

Unicycles have wheels.

Ux ‘x is a unicycle’
Wx ‘x is a wheel’

+[e, A 2%x A ML(O(Ux))] A g, A 27y A 0(Wy) A O,(Hxy)

'Ann and Bill bought a house (together). *They (both separately) invited their parents to
their new home.

a ‘Ann’ Bxy  ‘xboughty’
b ‘Bill’ Pxy  ‘xisaparent of y’
Hx ‘x is a house’ Hxy ‘xisy’s new home’

Ixyz  ‘xinvited y to 7’
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)

KEY:

@)
@)
@)
5)

KEY:

(5
(5%

(6)

KEY:

(6"
(6%
(6")

(7)

KEY:

(7
(7
(7

Top 6: van den Berg 1994, 1995

Fall 2006

"Most of Bill’s friends* have cars’ with automatic transmissions®.

»They like them, a lot.
*They like them, a lot.

b ‘Bill’ Fxy
Cx ‘xisacar’ Hxy
Tx ‘x is an automatic transmission’ Lxy

them = the cars
them = the transmissions

‘x is a friend of y’
‘x has y’
‘x likes y a lot’

'Most businessmen who sent a contribution to Gore sent a larger contribution to Bush.

*Most of them asked Bush to spend it in their state.

a ‘Al Gore’ Lxy
b ‘George Bush’ Sxyz
Bx ‘x is a businessman’ Axyz
Cx ‘x 1s a contribution’

‘x is larger than y’
‘x sent yto z’
‘x asked y to spend z in x’s state’

'Most men (in this town) have a gun, but *most people don’t use it.

Only Adam and Bill use their guns (now and then).

a ‘Adam’ Uxy
b ‘Bill’ Hxy
Mx ‘x is a man (in this town)’

Px ‘x is a person’

Gx ‘xis a gun’

‘x uses y (now and then)’
‘x has y’

'(Today in Bill’s class) the students worked in groups. “They all worked on different
problems. *The group with the hardest problem came up with the best solution.

Sx ‘x is a student (in B.’s class today)” W'xy
Gx ‘x is a group’ Cxy
Wx  ‘x worked’ S'xy
Px ‘x is a problem’ Hxy
Bxy

‘x worked on y’

‘x came up with y’
‘x is a solution to y’
‘x is harder than y’
‘x is better than y’

27



TSem (Bittner) Top 6: van den Berg 1994, 1995 Fall 2006

2. From English to PDL: Sample analyses

3)

KEY:

KEY:

4

()
@)

(&)

KEY:

(5

(5%

'Ann and Bill bought a house together. *They (both separately) invited their parents to
their new home.

a ‘Ann’ Bxy  ‘xboughty’
b ‘Bill’ Pxy  ‘xisaparent of y’
Hx ‘x is a house’ Hxy ‘xisy’s new home’

Ixyz  ‘xinvited y to 7’

+He, Ax=(a®b)] Ae, AlynHyn Bxy n+[2]
+Heo A 2% A x"=x] A A+[e, A 277" A MLAOAPzX))] A +[2°x A 1y A H'yx] A IxZ'y)

"Most of Bill’s friends* have cars’ with automatic transmissions®.

»They like them, a lot. them = the cars

*They like them, a lot. them = the transmissions
b ‘Bill’ Fxy  ‘xisafriend of y’

Cx ‘xis acar’ Hxy ‘xhasy’

Tx ‘x is an automatic transmission’ Lxy  ‘xlikes y alot’

+le, A 2°x" A M (0, (Fx'b))]

ANe A2x AM(xCx'Ag A2y AD(Cy) AD(Hxy) A e A2z AJ(Tz) A S (Hyz))
A most x'x

+[2°x] A +[27y] A 8, (Lxy)

+[2°x] A +[2Z] A &,(Lxz)

'Most businessmen who sent a contribution to Gore sent a larger contribution to Bush.
*Most of them asked Bush to spend it in their state.

a ‘Al Gore’ Lxy  ‘xis larger than y’

b ‘George Bush’ Sxyz ‘xsentytoz’

Bx ‘x is a businessman’ Axyz ‘x asked y to spend z in x’s state’
Cx ‘x is a contribution’

+e, A 2X A MO ABx" A e, ALy A Cy' A Sxya))l

AN A2 AM(x Cx'Ad (e, ALy A Cya Lyy’ A Sxyb))
A most x'x

+[2*x] A e, A 272 A M (2 © x A 0(Azby))

A MoSst X7
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(6) 'Most men (in this town) have a gun, but *most people don’t use it.
Only Adam and Bill use their guns (now and then).
KEY: a ‘Adam’ Uxy ‘xusesy (now and then)’
b ‘Bill’ Hxy ‘xhasy’
Mx ‘x is a man (in this town)’
Px ‘x is a person’
Gx ‘xis a gun’

6" e, A2% AMASMx)]Ae, A2%AMKXCx'A 0.(¢e, A 1y A Gy A Hxy)) A most x'x
(6°)  +[2'x A 8 (Px)] A g, A 27 A M(8,(~Uzy)) A most xz
(6%  +[2'x]Ae  AMAZ'Cxne, Ad(Uzy)AN+[2'y' Ay Cyad Gy A HY)AZ'=a®b

@) '(Today in Bill’s class) the students worked in groups. “They all worked on different
problems. *The group with the hardest problem came up with the best solution.

KEey: Sx ‘x is a student (in B.’s class today)” W’y ‘x worked on y’
Gx ‘x is a group’ Cxy  ‘x came up with y’
Wx  ‘x worked’ Sxy  ‘xisasolution to y’
Px ‘x is a problem’ Hxy  ‘xis harder than y’

Bxy  ‘xis better than y’
(7Y +He A 2% A MASASX)N] A S e, A x'Cx A Gx A Wx)
(7%
(7))

Remark: Further analysis would require imposing part-whole structure on the e-domain, as in
Link 1983 and related work. Even with this enrichment, I do not see any simple way to make the
distribution down to subgroups which is introduced in sentence one available for anaphoric
reference in sentences two and three. Since there is more than one way to distribute down to
subgroups, the distribution from sentence one cannot be recovered simply by repeating the
distributive operator—as van den Berg recovers/reintroduces the unique distribution down to
atomic individuals, by repeating 9d,.
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