TSem (Bittner) Top 2: Kamp & Reyle 1993 Fall 2006

Notes on Kamp & Reyle 1993
Ch. 4 ‘The plural’

I. Review: Singular anaphora in DRT

(1) A man entered a bar. He had an umbrella

DRT syntax (a la Muskens 1995:154)

[xyz
man X,
bary,
enter Xy,
have xz,
umbrella 7 ] =K,

DRT semantics (a la Muskens 1995:154)

e DRT-models: M = (D", []"), as for PL
* DRT-contexts: partial assignments

G" = {gl Dom g C Var & Ran g C D"}
e DRT-truth

=, K,

iff 3g € G™:
Dom g is the universe of K,
& g verifies every condition of K,

iff 3g € G™:
Dom g = {x, y, 7}
& g(x) € [man]™
& g(y) E[bar]"
& (g(x), g(»)) E lenter]™
& (g(x), g(z)) € [have]"
& g(z) € [umbrella]"

iff 3a, b, c € D™
a € [man]™
& b € [ban™
& {(a, b) E [enter]"
& {(a, c) € [have]™
& c € [umbrella]™
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II. Plurality and anaphora: Some examples

* Quantification (by pl/) & summation

2)

29

2"

3)

'John introduced Bill to Mary.
*They had been friends for a long time.

'John introduced Bill to Mary.
*They became friends.

'John introduced Bill to Mary.
*Now they are all inseparable.

'(Last month) Fred bought three donkeys.
*(Now) they are all unhappy.

* Quantification (by most) & abstraction

(4a)
(4b)
(4¢)

(&)

Most farmers who own a donkey also own a cart.
Most people who own a dog are fond of ir.

Most people who write a paper go on to develop it
in another paper.

'Susan has found most of the books that Bill needs.

*They are on his desk.

¢ Collective & distributive predicates

(6)

(7)

®)

(€))

'John and Mary are a nice couple.
*They met in Alaska.

'(Last year) John and Mary bought a house.
*They both like it a lot.

'(Last year) John and Mary (both) bought a house.
*They both like them a lot.

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

* Dependent plurals

(10)

'"Most of Bill’s friends own cars with
automatic transmissions.
*They like them a lot.
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Salient reading(s)

rdgl: they = John + Bill
rdg2: they = John + Mary

they = Bill + Mary

they all = John + Bill + Mary

rdgl: they all = the 3 donkeys
rdg2: they all = Fred + the 3 donk’s

proportion problem

strong a: fond of each of their dogs

weak a: develop one of their papers

they = the books Bill needs
that Susan has found

collective

collective rdg

distributive rdg

distribution down to pluralities
quantification over pluralities
superlative quantification

one or more cars per friend

one transmission per car

rdgl: them = their cars

rdg2: them = their car’s transmission
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ITI. Dynamic Predicate Logic with Sums: (Debugged) DRL,,,. as an extension of DPL

DEFINITION 1.1 (DPL*-basic terms)

e, Con =
Prd' =
Prd’ =
Prd’ =
Qnt =

e, Var =

{john, mary, ...}
{SG, donkey, ..

{give.to, introduce.to, ...}
{ALL, MOST, SOME, NO, ...}
xy,zx,y, 2, ..

DEFINITION 1.2 (DPL* syntax).

.y Zl’ Zz, ..

., PL, enter, ...}
{see, talk.to, ..., father.of, ...}

-}

- B, € Trm

a€Trmandne{l,?2,...}

o € Trm, u € Var and ® € Drs

o, W e Drs, a € Qnt, and u € Var

u, ...u, € Varand ¢ € Cnd

t a € Trm if a& Conoroa €& Var
R  oB,...p,) €ECnd if o€Prd"andf,, ..
= (a=p) € Cnd if o,pf€Trm

g (adp)eCnd if o,p € Trm

Il (lal=n) € Cnd if

< (a=p)EeCnd if o,pf € Trm

+ (a=p+...8)E€Cnd if a,p,,...5E Trm
2 (u=Zu.d)cCnd if

N (¢, E€Cnd if ¢,9 € Cnd

Q, do0,¥YeCnd if

= (Ob=V¥)eCnd if ®©, W& Drs

- -® & Cnd if ® & Drs

[u [u,...uld] EDrs if

[l [l ] € Drs if ¢€ Cnd

DEFINITION 2.1 (DPL*-models and partial assignments)
. A DPL*model is a structure M = (D", [-]"} such that:

(i) D"={X1 & C X C A}, where A is a non-empty set (of atoms)

(ii) []™is a function such that:

el € {d € D": ldI =1}
[[a]]M g (DM)n

(iii) [scl” ={d € D": ldl = 1}
[donkeyl” C {d € D": ldI = 1}

[pL]" = {d € D" Idl > 1}
[aLL) = {{X, Y) € (P(D"))*: X C 1}
IMosTI” = {(X, Y) € (P(D")) IX N YI>IX — Y1}

[soME]" = {(X,Y)E (P(D") > XNY =T}
[NOl" = {(X, V) E(PD"): XN Y=}

if a € Con
if o € Prd”

(individual) constants
1-place predicates
2-place predicates
3-place predicates
quantifiers
(individual) variables

(individual) terms
relational conditions
identity

non-overlap

cardinality

part-of

summation

abstraction

(static) conjunction
selective quant.
implication (unsel. ALL)
negation (unsel. NO)
update drs (unsel. SOME)
test drs

A partial M-assignment is a function g such that Dom g C Var and Ran g C D"\

We write A for the empty M-assignment (i.e. Dom A = {}), and G”, for the set of all
partial assignments, i.e. G := {g: Dom g C Var & Ran g C D"}.

(ii) Forany g, h € G" and R C Var, h extends g to R, written g Cj h,
iff g € h and Dom g = (Dom & — R)
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ABBREVIATION:
Given a drs @, the universe of ®@, written U(®d), is defined as follows:
e UD) = {u,...uy if @ is an update drs of the form [u,...u,| ¢]
= {} if @ is a test drs of the form [| ¢]
DEFINITION 2.2 (DPL*-semantics)
t o™ ¢ = [a]" if a € Con
= g(o) if o € Dom g
= undefined otherwise
R [o...5N" = {g€GI{IRI"™*,.. 1B %) Ela]™}
= [(a=p)N" = {g€G"I[al™* =[pI"*}
2B (CR%)) e = {geG ™ N[PBI"* =T}
I [(al=n)]" = {g€Ga]™*l =n}
= [(a=pPI¥ = {ge€G"a]™* CPI™*}
+ [(a=p+..B)]" = {g€Ga]™=[pI"* U ..[IBRI"
T [(a=Zu.d))" = {g€Ga"*=U{deD"IhE G g U {(u, d)} Syay_ (1 P

& (g, h) EIPI"}}

AR (ORI = {g€G"g <ol & g €Y}
Q, [Pa, P
={g€G"IAX, YC D" (X, Y)E[a]"
&X={deD"Ihe G": g U{(u, &)} Cya)_ h & (g, h) E[P]"}
&Y={deD"AhE G": g U {(u, d)} Cy)_w h & (g, ) E[D]")
& VhE G": g U {u, d)} Cpoy_ 1y h & (g, h) E[DPIV
— 3k e G": (h, k) €[W]")}
= [®=W]" = {g€G"IVhe G": (g, h) €D — Tk E G": (h, k) [P}
- -] = {g€G"-Th e G": (g, h) E[DI"}

[l [u,...u) 10"
0 ooen”

{<g’ h> E (GM)2| g g{ul, L., un} h & h E Hq)]]M}
{g. e (G Ig=h& hE[0]"}

DEFINITION 3 (Truth).
* A condition ¢ is true in M under g, written I=), , ¢,
iff g € [¢]".

o A drs @ is true in M under g, written =), , ®,
iff 3h € G": (g, hy €[ D]V

o A drs @ is true in M, written |=,, ®,
iff 3h € G": (A, hy e[ D]

ABBREVIATIONS
Al. (a€p) = (SG(a), (a = B)) a, p € Trm
A2.  a*p = [xl x € B] ALL, [| au(x)] o €Prd', € Trm
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IV. Analyzed examples

* Quantification (by pl/) & summation

(3) '(Last month) Fred bought three donkeys.
*(Now) they are all unhappy. rdg2: they all = Fred + the 3 donkeys

DPL* syntax

[ x y x| (x=fred), buy(x, y), (Iyl = 3),
[z 1 SG(2), (z = y)] ALL, [| donkey(z)],

('=x+y),
[2'1 8G(z), (z"= x))] ALL,, [| unhappy(z)]] =K,

DPL* semantics

1. =, K.,

2. iff3nE GM: (A, h) E[K " D3

3. iffIEGAC,, ,h D2.2.[ul, N
& h€E|[x=fred]"
& h & [buy(x, )"
& heE[l=3]"
& heE([z] s6(2), (z=y)] ALL, [| donkey(z)]]"
& he[x'=x+y"
& hellz'1s6(2), ("= x)] ALL,. [| unhappy(z )11

4. iff Jhe G”: Dom h = {x, y, x"} D2.1.s,.A, C,
& h(x) = [fred]" D2.2.=,¢
& lh(x)l =1 D2.1.Con
& (h(x), h(y)) € [buyl™ D2.2.R, ¢
& Ih(y) =3 D2.2.1, t
& 3X, YC D": (X, Y) €[aLL]" D2.2.Q,

&X={dED"I'EG" h U {(z,d)} C,, b’
& (h, h) €112l s6(2), (z = Y™}
&Y={deED"ANEG" hU {{z,d)} T, h’
& (h, ') €[zl SG(2), (z = P
& (Vh'EG" hU {(z,d)} S, h’
& (h, h) €[zl s6(2), (z = )N
— 3k e G": (h’, k) E[[| donkey()I")}
& h(x’) = h(x) U h(y) D2.2.+,t
& 3X, YC D": (X, Y) €[aLL]" D2.2.Q,
&X={dED"I'EG": h U {(z",d)} C,, b’
& (h, h'y € [[z156(z), (z'= xH"}
&Y={deED"AEG" hU {z,d)} S, h’
& (h, h’y €1[z156(z), (z'< xHI")
&(VhEG" hU{{z,d)} S, h'
& (h, h’y €1[z156(2), ("< xH I
— 3k € G": (W', k) €[l unhappy(zH11")}
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5. iff3h € G”: Dom h = {x, y, x"}
& h(x) = [fred]™ & Ih(x)l =1
& (h(x), h(y)) € [buy] " & 1h(y)l = 3

&3IX,YC D" XCY D2.1.ALL

&X={deD"3IneG": h'=hU {(z, d)} D2.1.C,
&hC , h'& W (D)I=1&h(2) Shiy)}  D22.[ul,N,R.t =

&Y={deD"3n'eG": h’'=h U {(z, d)} D2.1.5G

&hCpo h' & @) =1 & h1(2) € h'()
& (YVh'EGY h'=hU {(z, d)}
&hCo h'& (D) =1 & h'(z) C h(y)
— ke G": h'=k & k(z) € [donkey]™)}
& h(x’) = h(x) U h(y)

&3IX, YCD":XCY D2.1.ALL

&X={deD"1An'EG": h'=h U {(z, d)} D2.1.C,
&hC  h&IWZ)N=1&h(z)Ch(x)}y D22Jul,N,R,t =

&Y={dED"I@A'EG" h'=h U {(z, d)} D2.1.5G

&hCpyh' & () = 1 & h(z) C ')
& (Yh'E G h'=h U {2, d)}
&hCpyh'& () = 1 & h(z) C h(x)
— ke G": h'=k & k(z') € [unhappy]™)}

6. iff 3h € G”: Dom h = {x, y, x"}
& h(x) = [fred]™ & Ih(x)l =1
& (h(x), h(y)) € [buy] " & Ih(y)l = 3
&3IX, YCD":XCY

&X={deD"ld=1&dC h(y)} eliminate 34’
&Y={deD"d =1&dC h(y) elimin. 34’
& (Idl =1 & d C h(y) — d € [donkey]™)} elimin. VA’, 3k

& h(x) = h(x) U h(y)
&3IAX, YCD"XCY

&X={dED"d =1 & d C h(x')} eliminate 34’
&Y={deD"ldl=1&dC hx elimin. 34’
& (Idl =1 & d C h(x") — d € [unhappy]™)} elimin. VA’, 3k

7. iff Ihe G”: Dom h = {x, y, x"}
& h(x) =[fred]™ & |h(x)l =1
& (h(x), h(y)) € [buyl™ & |h(y)l =3
&3IX, YCD":XCY
&X={dED"d=18&dC h(y)}
&Y={deD"d =1&dC h(y) & d E[donkey]"} simplify
& h(x’) = h(x) U h(y)
&3IX, YCD":XCY
&X={dED"d=1& d C h(x")}
&Y={deD"dl=1& d C h(x") &d E [unhappy]"'} simplify
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8. iff3d,, d, € D eliminate 3h
& d, =[fred]" & Id,| =1
& (d,, &) € Lbuyl” & Idyl = 3
&3IX, YCD":XCY
&X={dED"d=18&dC d}
&Y={deD"d =1&dCd, &dE [donkey]"}
&3IX, YCD":XCY
&X={dED"d=18&dCd, Ud}
&Y={deD"d=1&dCd Ud,&d&E[unhappy]™}

Verifying model:

e.g. |=y, K, for any M = (D", [-]") such that:
{a}, {b}, {b'}, {b"} ED"

{a} = fred"

{b}, {b"}, {b"} Eldonkeyl"

({a}, {b, b’ b"}) Elbuy]"

{a}, {b}, {b'}, {b"} E lunhappyl"



TSem (Bittner) Top 2: Kamp & Reyle 1993 Fall 2006

* Quantification: Proportions (4a), strong rdg (4b), weak rdg (4c)
(4a) 'Most farmers who own a donkey also own a cart.

DPL* syntax
[l [x y | frm(x), own(x, y), dnk(y)] MOST, [zl own(x, z), cart(z)]] =K,

DPL* semantics
L =, K,

2. iffAIheE G AC,h D3, D2.2.[ul
& hE[[xyl frm(x), own(x, y), dnk(y)] MOST, [zl own(x, z), cart(z)]]"

3. iff A €[[x yl frm(x), own(x, y), dnk(y)] MOST, [zl own(x, z), cart(z)]]" eliminate 3h

4. iff 3X, Y C D": (X, Y) € [mosT]" D2.2.Q,
&X={dED"1FnE G": AU {(x.d)} C,, h
& (A, h) E [[x yl frm(x), own(x, y), dnk(y)]*'}
& Y={d€D"I@hEG" AU {{x,d)} C,, h
& (A, h) E [[x yl frm(x), own(x, y), dnk(y)]™)
& (Yh € G": AU {{x, d)} C, h
& (A, h) E[[x yl frm(x), own(x, y), dnk(y)]"
— 3k € G": (h, k) E [zl own(x, z), cart()I")}

5. iffAX, YCD": IXNY>IX-Y D2.1.M0sT, A
&X={dED"INE G" {(x,.d)} T, h & AC, , h D2.2.[ul, N, R, ¢
& h(x) E[frml" & (h(x), h(y)) E lown]" & h(y) E [dnk]™}
&Y={dED"@hE G" {(x.d}} Ty, h &AC, ,h
& h(x) Efrml" & (h(x), h(y)) E lown]" & h(y) € [dnk]™)
& (Vh € G": {{x.dY} Co, h & AC, ,, h
& h(x) E[frml" & (h(x), h(y)) € lown]" & h(y) € [dnk]"™)
— Ik EG" hC, k & (k(x), k(z)) € lown]" & k(z) € [card™)}

6. iff AX, YCD": IXNYI>IX-Y
&X={deD"13d’'e D": de(frm" & (d, d Elown]" & d’E[dnk]"}  simplify
&Y={deD"(Ad’e D": de(frml" & (d, d’) Elown]" & d’ € [dnk]"™)
& (Vd'e D": de(frml" & (d, d)) Elown]" & d’' E [dnk]™
—3d"e D": {d, d"y Elown]" & d” E [cart]™}

7. iffAX, YCD": IXNYI>IX-Y
&X={deD"delfrm" & 3d' € D": {d,d") Elown]" & d'E[dnk]")} rearr.
&Y={deD"de[frm" & (Ad’ € D": (d,d" e lown]" & d’ € [dnk]")  simplify
& (Ad”€ D": {d, d”") Elownl" & d” E [card]™)}

Not true e.g. in the following model, where counting pairs would wrongly predict (4a) to be true:
100 farmers: {f,}, ...{f 0}

{f,} owns 100 donkeys {d, ,},...{d, oo} and a cart {c,}

{f,} owns 100 donkeys {d,,},...{d, o} and a cart {c,}

{f;}, ...{f,00} own 1 donkey each ({f;} owns {d,}, ....{f,,,} owns {d,,}) and don’t own any cart
Then IX N Y1 ={{f,}, {f,}}1 =2, but IX - YI=I{{f;}, ... {00} } = 98.
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(4b) 'Most people who own a dog are fond of it.

DPL* syntax
[l [x y | pers(x), own(x, y), dog(y)] MOST, [l fond.of(x, y)II =Ky
DPL* semantics
1. |:M K4b
2. iffIheEG" AC,h D3, D2.2.[ul
& h E [[x yl pers(x), own(x, y), dog(y)] MOST, [l fond.of(x, y)I"
3. iff A €[[x yl pers(x), own(x, y), dog(y)] MOST, [l fond.of(x, y)I" eliminate A
4. iff 3X, Y C D": (X, Y) € [mosT]" D2.2.Q,

&X={deD"13he G": AU {{x, d)} Cyh
& (A, h) E[[x yl pers(x), own(x, y), dog(»)]"}
&Y={deD"(Ahe G": AU {(x, d)} Cyh
& (A, h) E[[x yl pers(x), own(x, y), dog(y)]™)
& (Vhe G": AU {(x, d)} Cyh
& (A, h) E [[x yl pers(x), own(x, y), dog(»)I"
— 3k € G": (h, k) E[[I fond.of(x, YII*)}

5. iffAX, YCD": IXNYV>IX-Y D2.1.M0sT, A
&X={dED"INE G" {(x.d)} T, h & AC, , h D2.2.[ul, N, R, ¢
& h(x) Elpers]” & (h(x), h(y)) € lown]" & h(y) € [dog]™}
&Y={dED"@hE G" {(x.d}} T, h &AC, ,h
& h(x) Elpers]” & (h(x), h(y)) € lownl" & h(y) € [dog]™)
& (Vh € G": {{x.dY} Co, h & AC,, ,, h
& h(x) € [pers]” & (h(x), h(y)) € lown]" & h(y) € [dog]™)
— k€ G": h Ty k & (k(x), k(y)) € [fond.ofi™)}

6. iffAX, YCD": IXNYI>IX-Y
& X={deD"13d’€ D": dE [pers]” & (d, d") Elown]" & d' E[dog]"} simplify
& Y={d€ D" (Ad’€ D": d Epers]” & {d, d) E [own]" & d’ E [dog]"™)
& (Vd'€ D": d E[pers]” & {d, d’y E[own]" & d’ E [dog]™
—(d, d’) € [fond.off""}

7. iffAX, YCD": IXNYI>IX-Y
& X={de D"1dE[pers]" & Ad’€ D": {d, d"y E[own]" & d’ E [dog]")} rearr.
& Y={d€ D" d Elpers]" & (3d’€ D": {d, dy E[own]" & d’'E [dog]") simplify
& (Vd'€ D": {d, d’)y E[own]" & d’ € [dog]"
—(d, d’y E[fond.ofi")}

Paraphrase (strong rdg):
Most people who own one or more dogs are fond of each of their dogs.

This is correct for (4b), but unfortunately, wrong for (4c), whose salient reading is weak.
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(4c) Most people who write a paper go on to develop it in another paper.

DPL* syntax
[ [x y | pers(x), wrt(x, y), paper(y)] MOST, [zl paper(z), (z D y), dev.in(x, y, 2)1] =Ky
DPL* semantics
1. |:M K4c
2. iff3hE G AC,h D3, D2.2.[ul

& heE|[[l[xy!|pers(x), wrt(x, y), paper(y)]
MOST, [zl paper(z), (z D y), dev.in(x, y, z)]1"

3. iff A €[[xyl pers(x), wrt(x, y), paper(y)] eliminate 3h
MOST, [zl paper(z), (z D y), dev.in(x, y, 2)|1"”
4. iff 3X, Y C D": (X, Y) € [mosT]" D2.2.Q,

&X={dE€D"FhE G" AU {(x,d)} Cy,, h
& (A, h) E [[x yl pers(x), wrt(x, y), paper(y)]*'}
& Y={d€ D" @hE G": AU {(x,d)} Cy, h
& (A, h) E [[x yl pers(x), wrt(x, y), paper(y)]™)
& (Vh € G": AU {(x.d)} C,, h
& (A, h) E [[x yl pers(x), wrt(x, y), paper(y)I"
— Ak € G": (h, k) €[zl paper(z), (z D y), dev.in(x, y, )1}

5. iffAX, YCD": IXNY>IX-Y D2.1.M0ST, A
&X={dED"INE G": {(x.d)} T, h & AC, , h D2.2.[ul, N, R, @, t
& h(x) € [pers]” & (h(x), h(y)) € [wril" & h(y) € [paper]™}
& Y={dED"I@hE G" {{x.d)} C,, h& AC,, , h
& h(x) € [pers]” & (h(x), h(y)) € [wri]" & h(y) € [paper]™)
& (Vh € G": {{x.dY} Coy, h & AC, ,, h
& h(x) € [pers]” & (h(x), h(y)) € [wri]" & h(y) € [paper]™)
— Ik EG": hC, k & k(z) E [paper)™ & k(z) N k(y) = &
& (k(x), k(y), k(z)) € [dev.in]™)}

6. iffAX, YCD": IXNY>IX-Y simplify
& X={de D"13d’€ D": d E[pers]" & (d, dy € [wrl]" & d’ E [paper]™}
& Y={d€ D" (Ad’€ D": d E[pers]" & {d, d) € [wr]" & d’ E [ paper]™)
& (Vd'€ D": d Elpers]” & {d, d’) E[wrl" & d’ E [ paper]™
—3d"€ D" d"E[paperl” & d'Nd" =D & {d, d’, d") € [dev.in]"}

7. iffAX, YCD": IXNYI>IX-Y simplify
& X ={d€ D"1d Epers]” & Ad’€ D": (d, d’y € [wr]" & d’ E [paper]™}
& Y={d€ D" d Elpers]" & (3d’€ D": (d, d’y € [wr]" & d’ E [paper]™)
& (Vd'e D": {d, d) €[wrll"” & d’ E [ paper]™
— 3d”’e D" d” Epaper]” & d'Nd" =T
& (d, d', d") € | dev.in]"}

10
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Predicted paraphrase (strong rdg):
Most people who write one or more papers develop each of their papers in another paper.

Remark: The strong reading entails that most people live for ever, constantly writing a
development of some paper they have written. I don’t think (4c¢) can be read in this way.

Intuitive paraphrase (weak rdg):
Most people who write one or more papers develop (at least) one of their papers in another

paper.

Cf. also (4c’) modeled on an example due to Schubert & Pelletier:
(4c")  Most people who have a quarter will put if in the meter.

Unsatisfactory fix:
We could derive the weak reading by adding an extra pair of rules to DPL*, e.g.:
Q3 o, ;PYeCnd if ®,WeDrs,a€Qnt,and u € Var

Q. [®a,;P"
= {g €G"IX, YC D": (X, V) E[o]"
&X={deD"13Ihe G": gU {u, d)} Crao-w h &{g. h)E [®]"}
&Y={deD"3n k€ G": g U {{u, d)} Sya,_u h & (g, h) E[D]"
& (h, k) € [W]"}

But the resulting theory would still be unsatisfactory, for at least two reasons:

1) it would greatly overgenerate, since for any sentence with a quantifier it would predict both
a strong reading (derived by Q,) and a weak one (derived by Q, ). Intuitively, it is rare for
a sentence to allow both readings.

i) it would also undergenerate, since it would predict that multiple indefinites in the
restriction of a quantifier are all weak or all strong. But intuitively, mixed readings are also
possible—e.g. (4d) is naturally read as saying that most people who buy one or more pieces
of furniture and have one or more credit cards use one of their cards to pay for each of their
purchases (could be different cards for different types of furniture, e.g. home office
furniture which is tax-deductible, vs. furniture which is not tax-deductible):

(4d) Most people who buy a*" piece of furniture and have a*** credit card use it to pay for it.

(See Brasoveanu 2006 for an analysis of mixed readings.)
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¢ Quantification & abstraction
(5) 'Susan has found most of the books that Bill needs. *They are on his desk.

DPL* syntax
[ xyx’, vyl (x = susan), (y = bill),
[z | book(z), need(y, z)] MOST., [l find(x, z)],
(x"= Zz.[zl book(z), need(y, z), find(x, 2)]),

desk.of(y’, y), [zl SG(z), (z = x")] ALL, [l on(z, y)]] =K,
DPL* semantics
1. =, K,
2. iffINEG" AC, , . h D3,

& h€Elx=susan]” & h €[y = bill]" D2.2.[ul, N

& h €[z book(z), need(y, z)] MOST, [l find(x, 2)]1"
& hE[(x'=Zz[zl book(z), need(y, z), find(x, 2)DI"
& hEldesk.of(y’, y)I"

& hE[[z6(2), (z = x)] ALL, [l on(z, y)IY

3. iff3h € G Dom h = {x, y, x', y'} D2.1A,C,
& h(x) = [susan]" & h(y) = [bill]" > D2.2.=t
& lh(x)l =1 & lh(x)l =1 D2.1.Con
& 3X, Y C D": (X, Y) € [mosT]" D2.2.Q,

&X={deD"3IEG" hU {{z,d)} T, h’
& (h, ') € [zl book(z), need(y, )|}
&Y={deED"ANEG" hU {{z,d)} T, h’
& (h, ') € [zl book(z), need(y, 2)I™)
& (Vh'EG" hU {(z,d)} S, h’
& (h, ') € [zl book(z), need(y, 2)I"
— ke G": (', k) €[l find(x, )11}

& h(x)=U{deD"In'EG": hU {{z,d)} C,, h’ D2.2.3, ¢
& (h, h'’y €[zl book(z), need(y, z), find(x, 2)I"}
& 3AX, YC DY: (X, Y) € [aLL]" D2.2.Q,

&X={dED"IN'EG" hU {(z,d)} C, I’
& (h, h'y €[zl SG(z), (z = XM}
&Y={deED"ANEG" hU {{z,d)} S, h’
& (h, b’y €[zl SG(z), (z = xN™)
& (Vh'EG" hU {(z,d)} S, h’
& (h, h’y €[zl SG(2), (z = xN"
— 3k e G*: (', k) €[ on(z, yHI")}

12
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4. iff Ihre G”: Dom h = {x,y,x’,y"}
& h(x) = [susan]" & h(y) = [bill]"
& lh(x)l =1 & lh(x)l =1
&AX, YCD": IXNYI>IX-Y D2.1.MoST, C,
&X={dED"INEG" h'=h U {(z.d} &hC,, h' D2.2.[al, N,
& h'(z) E[bookl” & (h'(y), h'(2)) E [need]”} R, t
&Y={dED"IAN'EGC" h'=h U {(z, d)} & h C,, h’
& h'(z) Elbookl” & (h'(y), h'(2)) € [need]™)
& (Vh'EG": h U {(z.d)} Cy h’ & h T,
& h'(z) Ebookl” & (h(y), h(2)) € [need]"
— IKE G": h' =k & (k(x), k() € [find] ")}
& h(x)=U{d ED" A" E G hU {(z. )} C,, h' & h T,y b’
& h'(z) Ebookl” & (h(y), h(2)) € [need]"
& (h'(x), h(2)) Elfind]™}
& (h(y"), h(y)) € [desk.ofi

&3IAX, YCD":XCY D2.1.ALL, C,
&X={dED"IN'EG" h'=hU {zd} &hC,, h’ D2.2. .[ul, N,
&lh(Dl=1& h'(z) Ch(x)} R, <,t, D2.1.5G

&Y={dED"AEG" h'=hU{(z d)} &hC, h’
& Ih(z)l =1 & h'(z) C h'(x))
& (Yh'EG" hU {(z,d)y Ch' & hC b’
& Ih(Z)l =1 & h'(z) C h'(x))
— Ik E G": h'=k & (k(z), k(y)) E [on]™)}

5. iff3h€ G": Dom h={x,y,x,y"} simplify
& h(x) = [susan]" & h(y) = [bill]"
& lh(x)l =1 & lh(x)l =1
&AX, YCD": IXNYI>IX-Y
& X = {d € D"1d €[book]" & {h(y), d) E [need]"}
& Y={d € D" d E[book]" & (h(y), d) € [need]™
& (d Ebook]" & (h(y), d) € [need]" — (h(x), d) € [find]")}
& h(x') = U{d € D d € [book]" & (h(y), d) € [need]” & (h(x), d) € [find]"}
& (h(y"), h(y)) € [desk.ofi
&IX, YCD":XCY simplify
&X={dED"dl =18 dC h(x"}
&Y={dED"d =1&dC h(x)
& (idl = 1 & d C h(x) — {d, h(y)) € [on]™)}

13
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6. iff dh€ G": Dom h={x,y,x,y"} simplify

& h(x) = [susan]" & h(y) = [bill]"
& lh(x)l =1 & lh(x)l =1
&AX, YCD": IXNYI>IX-Y

& X = {d € D"1d €[book]" & {h(y), d) E [need]"}

& Y= {d € D"l d € [book” & (h(y), d) € [need]” & (h(x), d) € [find]"}
& h(x') = U{d € DI d € [book]" & (h(y), d) € [need]” & (h(x), d) € [find]"}
& (h(y"), h(y)) € [desk.ofi™
&3IX, YCD":XCY

&X={dED"dl =18 dC h(x"}

& Y={dE D"\l =1 & d C h(x) & {d, h(y")) € lon]"}

7. iff3d,, d,, d,, d, € D™: simplify

& d, =[susan]" & d, = [bill]"
&dl=1&d,| =1
&IAX, YCD": IXNYI>IX-Y

& X = {d € D"1 d € [book]" & {d,, d) E [need]"}

& Y= {d € D"l d € [book]" & {d,, d) € [need) & (d,, d) € [find]"}
& dy = U{d € D"I d € [book]" & (dy, d) € [need)™ & (d,, d) € [find]"}
& (d,, d,) € [desk.off"
&IX,YCD":XCY

&X={dED"d=18&dC d}

&Y={dED"d =1&dC d, & (d, d.) € [on]"}

Verifying model:

e.g. |=,, K for any M = (D", [-]") such that:

o {s}, {b}, {c}, {c'}, {c"}. (A} ED"

{s} =[susan]"

{b} = [biln)™

{c}, {c%, {c"} Elbook]™

({b}, {c}), ({b}, {c'}), {{b}, {c"}) E [need]"
({s}, {c}), {{s}. {c'}) Elfindl"

{{d}, {b}) E [desk.ofl"

({c, ¢}, {d}) Elon]"

14
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¢ Collective & distributive predicates (cf. Link 1983, 1987)

(6) 'John and Mary are a nice couple. *They met in Alaska.

DPL* syntax
[ xx'zyl
(x = john), (x"= mary),
(z=x+x'), nice.couple(z)
(v = alaska), meet.in(z, y)]

DPL* semantics
1. =, K,

2. iffFREG"AC, .. ,h
& h€Elx=john]" & h € [x’=mary]"
& hE€[z=x+x]1"
& h € [nice.couple(z)]"
& h€Ely=alaskal"

& h E[meet.in(z, y)I"

3. iff 3h € G": Dom h = {x, x’, z, y}

h(x) = [john]" & h(x’) = [mary]"
WGl =1 & Ih(x) = 1

h(z) = h(x) U h(x)

h(z) € [nice.couple]™

h(y) =lalaska]™ & \h(y)! = 1
(h(z), h(y)) € [meet.in]™

4. iff3d,, d, d, € D"
& d, =[john]" & d, = [maryl]" & d, = [alaska]"
&ldl=1&dj=18&Id]=1
& d, U d, € [nice.couple]™
& (d, U d,, d;) € [meet.in]"

PR

Verifying model:
e.g. I=), K, for any M = (D", []") such that:
° {.]}9 {1’1’1}, {a} & DM
* {j} =ljohn]"
{m} =[mary]"
{a} =[alaska]™
e {j, m} € [nice.couple]™
({j, m}, {a}) € [meet.in]"
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(7) '(Last year) John and Mary bought a house. *They both like it a lot.

DPL* syntax
[ xx"zyl (x =john), (x"= mary), (z=x +x),
buy(z, y), house(y)
[215G(2), (z’ < 2)] ALL,, [I like(z', ¥)]]

DPL* semantics
1. =, K,
2. iffINEGAC, . ,h
& h€Elx=john]" & h € [x’=mary]"
& hE€[z=x+x]1"
& hE[buy(z, y)I" & h € [house(y)]"
& 3IX, YC DY: (X, Y) E[aLL]”
&X={dE€D"I'EG" h U {(z’,d)} C, b’
& (h, kY El[z156(z), (z'= )"}
&X={deED"ANEG" hU{{z,d)} C,h’
& (h, hyE1[z156(z), "= )"}
& Y={dED"IVI'EG" h U {(z,dy} C, h’
& (h, )y El[z156(z), (z'= )Y
— ke G": (n', k) €[l like(z', Y]}
3. iffIhe G":Dom h={x,x’,z, y}
& h(x) =[john]" & h(x’) = [mary]" :
& lh(x)l =1 & lh(x)l =1
& h(z) =h(x) U h(x)
& (h(z), h(y)) € [buyl” & h(y) € [house]™
& IX, YCD":XCY
&X={dED"INEG" hU{(z,d)} Cyh’ &hC,y b’
& W) =1& h'(z)C h(z)}

&Y={deED"A'EG"hU{,d)y Sy h' &h T, h’

& |h(Z)=1& h'(z) C h(z))

Fall 2006

=K,

D3,
D2.2.[ul, N,

Q u

D2.1.A, G,
D2.2.= +,R,
[ul, <, ¢
D2.1.sG, ALL

&(VHEG" hU{(z,d)} S, h"&hC b’

& Ih'(zH=1& h'(z) C h(z)
— ke G h'=k
& (k(z), k(y)) € llike]™}
4. iff3d,, d,, d, € D":
& d, =[john"” & d, = [mary]™ >
& ldl=18&Id)=1
& (d,Ud,, d;) Elbuyl" & d; € [house]"
& IX, YCD":XCY
&X={dED"d=18&dCd, Ud}
&Y={dED"d=1&dCd, Ud,&(d, dy) E [like]"}

simplify

Verifying model:
e {j}, {m}, {h} €D
e {j} =ljohn]™ o {h} E[house]™ e {{j, m}, {h}) E [buy]™
{m} =[mary]" ({j}, {h}), ({m}, {h}) E [like]"
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(8) '(Last year) John and Mary (both) bought a house. *They both like them a lot.

[ xx"zy1(x=john), (x"=mary), (z=x+x),
[2186(z)), (2" < 2)] ALL,. [yl buy(z’, ), house(y)],
(y'=2y.[y 215G6(z), (z’ = 2), buy(z’, y), house(y)]),

[z218G(z), (z' < 2)] ALL,. [yl buy(z’, y), house(y), like(z', y), (y = y)1] =K
DPL* semantics
1. =, K
2. iffINEGAC, . ,h D3,
& h€Elx=john" & h €[x’=mary]" D2.2.[ul, N
& hE€[z=x+x1" Q.2

& 3IX, YC DY: (X, Y)E[aLL]”
&X={deD"3IEG" hU {{z,d)}C, h’
& (h,hyE1[z156(z), "= )"}
&Y={deED"AEG" hU {z,d)} Ty h’
& (h, hy El[z156(z), (z'= 2)™)
&(Vh'EG" hU {(z,d)} S, h’
& (h, k) El[z156(z), (z'= )Y
— ke G": (W', k) E [yl buy(z’, y), house(y)]I")}
& h(y)=U{de D"’ e G": hU {{y,d)} C., h’
& (h,h)EIllyz156(z), (z'<2),
buy(z', y), house(y)I"}
& 3IX, YC DY: (X, Y)E[aLL]”
&X={deD"3IEG" hU {{z,d)}C, h’
& (h,hy El[z156(z), (z'= )"}
&Y={deED"AEG" hU {z,d)} Ty h’
& (h, hy El[z156(z), (z'= 2)™)
&(VhEG" hU{(z,d)} S, h'
& (h, )y El[z156(z), (z'= )Y
— ke G": (h', k) E1[Y! buy(z’, y), house(y),
like(z', y), (v < yH)II")}
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3. iffIhe G":Domh={x,x",z,y} D2.1.A, G,
& h(x) =[john]" & h(x’) = [mary]™ > D2.2.=R, ...
& lh(x)l =1 & lh(x)l =1 D2.1.8G, ALL

& h(z) = h(x) U h(x’)
& AX, YCD":XCY
&X={dED"IN'EGC" hU{(Z\d)} Ty h’ & hCpy b’
& h(ZH=1& h(z)Ch'(z)}
&Y={deED"ANEG" hU{,d)y Sy h' &h T, h’
& h'(zH)=1& h'(z)) C h'(2))
& (Vh'E G hU {(z',d)} Ty h' & h Cypy '
& h(ZH=1& h'(z) Ch'(z)
— dIkEG"hC,k
& (k(z), k(y)) € [buyl™
& k(y) € [house]™)}
& h(y)=U{dED"IN'E G" hU {(y.d)} Coy h’ & h T,y . b’
& W (ZH)N=1&h(z)Chlz)
& (h(z), h'(y)) Elbuwl"” & h'(y) € [house]™}
& AX, YCD":XCY
&X={dED"INEG" hU{(Z\d)} Ty h’ & hCpy b’
& h(ZH=1& h(z)Ch'(z)}
&Y={deED"ENEG" hU{,d)y S h' &h T, h’
& h'(zH)=1& h'(z)) C h'(2))
& (Vh'E G hU {(z',d)} Ty h' & h Cypy
& h'(ZH=1& h'(z) C h'(z)
— dIkEG"hC,k
& (k(z), k(y)) € [buyl
& k(y) € [house]"
& (k(2), k(y)) E Llike]™
& k(y) € k(y")}
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4. iffIhe G”. Dom h = {x,x,z,y"} simplify
& h(x) =[john]" & h(x’) = [mary]™ >
& lh(x)l =1 & lh(x)l =1
& h(z) = h(x) U h(x’)
& AX, YCD":XCY
&X={dED"ld=18&dC h(z)}
& Y={dE D" (d=18&dC hz))
& (d = 1 & d C h(z)
— 3d'e D": {d, d’) €[buyl” & d’ E [house]")}
& h(y)=U{deD"13d’eD":1d'=1& d’'C h(z)
& (d',d) Elbuyl" & d E [house]™}
& AX, YCD":XCY
&X={dED"ld=18&dC h(z)}
& Y={dE D" (d=18&dC h(z))
& (dl = 1 & d C h(z)
— 3d'€ D": {d, d") €[buyl” & d’ E [house]")}
& (d, d’y E [like]” & d’C h(y")}

5. iff 3d,, d,, d, € D": simplify
& d, =[john"” & d, = [mary]™ >
& ldl=1&Id,) =1
& IX, YCD":XCY
&X={dED"d=18&dCd, Ud}
&Y={dED"d=1&dCd Ud)
& 3d'€ D": {d, d’) € [buyl” & d’ € [ house]"}
& d,=U{dED"Id’'ED" d1=1&d'Cd, U d,
& (d’, dy € [buyl" & d € [house]"}
& IX, YCD":XCY
&X={dED"d =18 dC hz)}
& Y={dE D" (Id=18&dC h(z))
& (dl = 1 & d C h(z)
— 3d'e D": {d, d’) €[buyl” & d’ E [house]")}
& (d, d’y E [like]” & d’C h(y")}

6. iff3d,, d, € D": simplify

& d, =[john)"” & d, = [mary]™ >
& ldl=1&Id, =1
& IX, YCD":XCY

&X={dED"ld=18&dC h(z)}

& Y={dE D" (Id=18&dC hz))

& 3d' € DY: d’ € [ house]™ & {d, d’y € [ buy]"
& (d, d'y € [ like]™)}

Verifying model:

* {j},{m}, {h}, {h'} € DY

e {i} =ljohn]™ e {h} E[house]™ o {{j}, {h}), ({m}, {h'}) E [buyl"
{m} =[mary]" {h'} € [house]" (G}, {h}), ({m}, {b'}) E [like]™
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(9") '(Today) Bill’s students worked in groups. distribution down to pluralities

DPL* syntax
[ xyl (x =bill),
(v =2y’ [y1std.of(y’, x))),
[y186(y), y =yl ALL, [y1y" =<y, y" Dy’ wrk.ig(y"+ y )]l

(9>) '(Today) Bill’s students worked in groups.
*They all worked on different problems. quantification over pluralities

DPL” syntax (semantic composition?!...)
[x yl (x = bill),

(v =2y [y1std.ofly’, 0D,

[y1SG(y), y" syl ALL, [y y" <y, y" Dy’ wrk.1g(y"+ y")],

1y' =y, wrk.g(y)]

ALLy [zl (z = 22z prb(z"), wrk.on(y’, 2))),
2Ny "<y, y" Dy, wrktg(y”), 2" = 22121 prb(z’), wrk.on(y”, )11
ALL,. [1 2" D z]]]

(9°) '(Today) Bill’s students worked in groups.
*They all worked on different problems.

*The group with the hardest problem superlative quantification
came up with the best solution.

DPL* syntax (semantic composition??!!!...)

[ xyyi2, 2l (x=bill),
(v =2y [y1std.of(y’, x)]),
[y15G(y), y" syl ALL, [y y" <y, y" Dy’ wrk.1g(y"+ y”)],
W1y =y, wrk.tg(y")]

ALL, [2l (z = 2221 prb(2)), wrk.on(y’, 2)]),
' zly" <y, y" By, wrkitg(y”), z” = Zz 1z pro(z’), wrk.on(y”, z)]1]
ALL,. [l 2" D 7]]

=), er'tg(yl)’ er'On(yl’ Zl)’ prb(zl),
b'zly' sy, y' Dy, wrk.tg(y), wrk.on(y’, z), prb(z')] ALL, [| harder(z,, 7)),
come.upw(y,, 2,), sol.to(z,, z,),

v'2'2y sy, y' Dy, wrkag(y'), wrk.on(y', '), prb(z'), come.up.w(y’, z"), sol.to(z", 2]
ALL,. [l better(z,, 2")]]

Remark: 1 won’t work out the semantics of this monster, because at this point I would start
looking for an alternative theory, with a simpler semantic representation and more transparent

syntax-semantics interface. We’ll see if other theories to be considered in this course can do any
better.
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