
Dynamic Semantics
Zimmermann, Semantics III

Frankfurt, winter term 2016/2017

1 Donkey Sentences
1.1 Conditional Donkeys
(1) If a farmer owns a donkey, he beats it.

(2) p@xqp@yqrrx is a farmer & y is a donkey & x owns y]Ñ x beats y]

(3) a. if a farmer owns a donkey, hex beats ity

a farmer owns a donkey

a farmer x hex owns a donkey

a donkey y hex owns ity

hex beats ity

b. pDxqpDyq[farmer'(x) & donkey'(y) & own'(x,y)] ñ beat'(x,y)
[“x beats y, if a farmer owns a donkey.”]

(4) a. if a farmer owns a donkey, he beats it

a farmer x if he owns a donkey, he beats it

a donkey y if he owns it, he beats it

he owns it he beats it
b. pDxqpDyq[farmer'(x) & donkey'(y) & (own'(x,y) ñ beat'(x,y))]

[“A certain farmer beats a certain donkey if he owns it.”]

(5) ?If a farmer owns every/each donkey, he beats it.
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1.2 Relative Donkeys
(6) Every farmer who owns a donkey beats it.

(7) a. every farmer who owns a donkey beats ity

every farmer who owns a donkey

every farmer who owns a donkey

farmer z hez owns a donkey

a donkey y hez beats ity

x hex beats ity

b. (@x)([farmer'(x) & (Dy) [donkey'(y) & own'(x,y)]] Ñ beat'(x, y))
[‘Every farmer who owns a donkey, beats y’]

(8) a. every farmer who owns a donkey beats it

a donkey y every farmer who owns ity beats ity

every farmer who owns ity

every farmer who owns ity

farmer z hez owns ity

x hex beats ity

b. (Dy)[donkey'(y) & (@x) ([farmer'(x) & own'(x,y)] Ñ beat'(x,y))]
[‘Every farmer who owns a certain donkey, beats it.’]

(9) ?Every farmer who owns every/each donkey beats it.
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2 Discourse Anaphora
(10) A farmer owns a donkey. He likes it.
(11)

pDxqpDyq
looomooon

?

rfarmer'(x) & donkey'(y) & own'(x,y)
loooooooooooooooooooooooomoooooooooooooooooooooooon

paq

& like'(x,y)
loooomoooon

pbq

s

(12) a farmer owns a donkey. he likes it.
(Dx)(Dy)[farmer'(x) & donkey'(y) & own'(x,y) & like'(x,y)]

a farmer
λPpDxq[farmer'(x) & P(x)]

x
λx

hex owns a donkey. hex likes it
(Dy) [donkey'(y) & own'(x,y) & like'(x,y)]

a donkey
λP pDxq[donkey'(x) & P(x)]

λy hex owns ity. hex likes ity

[own'(x,y) & like'(x,y)

hex owns ity hex likes ity

(13) ?Every farmer owns a donkey. He likes it.

(14) The man who gave his paycheck to his wife was wiser than the one who gave it
[„ his paycheck] to his mistress.

(15) a. A boy owns a guinea-pig
pDxqpDyq[boy'(x) & guinea-pig'(y) & own'(x,y)]

b. He [„ the boy who owns a guinea-pig] likes it [„ the guinea-pig that he, the
boy who owns a guinea-pig, owns].

like'((ιx)[boy'(x) & pDyq [guinea-pig'(y) & own'(x,y)]],
(ιy)[guinea-pig'(y) & (Dx) [boy'(x) & own'(x,y)]])

(16) a.

A farmer
"

rides on a bicycle
cycles

*

.

b.

It
"

[the bicycle that the farmer who rides on a bicycle rides on]
[the bicycle that the cycling farmer rides on]

*

does

not belong to him
"

[the farmer who rides on a bicycle]
[the cycling farmer]

*

.

(17) a. A farmer rides on a bicycle.
λR pDxqpDyq[farmer'(x) & bicycle'(y) & ride-on'(x,y) & R(x,y)]
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b. It does not belong to him.
x̂ŷ [ belong'(y,x) & R(x,y)]

(171) a. x̂ ŷ [farmer'(x) & bicycle'(y) & ride-on'(x,y)]
b. x̂ ŷ  belong'(y,x)
c. x̂ ŷ [farmer'(x) & bicycle'(y) & ride-on'(y,x) &  belong'(y,x)]

(18) a. A farmer cycles.
pDxqpDyq [farmer'(x) & bicycle'(y) & ride-on'(x,y) & R(x)]

b. It does not belong to him.
x̂ ŷ [ belong'(y,x) & R(x)]

(181) a. x̂ pDyq [farmer'(x) & bicycle'(y) & ride-on'(x,y)]
b. x̂ ŷ  belong'(y,x)
c. x̂ ŷ [pDyq] [farmer'((x) & bicycle'(y) & ride-on'(x,y) &  belong'(y,x))]

(19) a. A man loves a woman. He kisses her.
b. A man loves a woman. A man kisses her.

3 Adverbial Quantification
(20)

If a farmer owns a donkey, he

$

’

’

&

’

’

%

always
sometimes

never
. . .

,

/

/

.

/

/

-

beats it.

(21)
$

’

’

&

’

’

%

p@xqp@yq
pDxqpDyq
 pDxqpDyq

. . .

,

/

/

.

/

/

-

([x is a farmer & y is a donkey & x owns y]

$

’

’

&

’

’

%

Ñ

&
&
. . .

,

/

/

.

/

/

-

x beats y)

(211)
$

’

’

&

’

’

%

@xy
Dxy
 Dxy
. . .

,

/

/

.

/

/

-

([x is a farmer & y is a donkey & x owns y]

$

’

’

&

’

’

%

Ñ

&
&
. . .

,

/

/

.

/

/

-

x beats y)
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(212)
$

’

’

&

’

’

%

@

D

 D

. . .

,

/

/

.

/

/

-

(x̂ ŷ ([x is a farmer & y is a donkey & x owns y]

$

’

’

&

’

’

%

Ñ

&
&
. . .

,

/

/

.

/

/

-

x beats y))

(22) If a farmer owns a donkey, he usually beats it.
(23)

$

’

’

’

’

&

’

’

’

’

%

@

D

 D

MOST
. . .

,

/

/

/

/

.

/

/

/

/

-

(x̂ ŷ x is a farmer & y is a donkey & x owns y, x̂ ŷ x beats y)

(24)

If a boy draws a picture of a girl, he

$

’

’

’

’

&

’

’

’

’

%

always
sometimes

never
usually
. . .

,

/

/

/

/

.

/

/

/

/

-

gives it to her.

(25) If ϕ(a N1, . . . , a Nn), [then] ADV ψ(it1,. . . , itnq ÞÑ

ADV1px̂1, . . . , x̂n rN
1
1px1q & . . . & N 1

npxnq & ϕ1px1, . . . , xnqs, x̂1, . . . , x̂n ψ
1px1, . . . , xn))

(26)

If a farmer owns a donkey, he

$

’

’

’

’
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’

’

’

’

%

always
sometimes

never
usually
. . .

,
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/

/

/

.

/

/

/

/

-

beats it.

$
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’

’

&

’
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’

%

always
sometimes

never
usually
. . .
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/

/

/

/

.

/

/

/

/

-

looooooooomooooooooon

Quantifier

a farmerx owns a donkeyy
looooooooooooooomooooooooooooooon

Restrictor

hex beats ity
loooooomoooooon

Scope

Page 5



Dynamic Semantics
Zimmermann, Semantics III

Frankfurt, winter term 2016/2017

(27) a farmerx owns a donkeyy ÞÑ [farmer1(x) & donkey1(y) & own1(x,y)]
a farmerx ÞÑ farmer1(x) (‘Indefinites as variables’)
a farmer owns a donkey ÞÑ [(farmer1 ˆ donkey1) X own1]
a farmerx ÞÑ farmer1(x)(‘Indefinites as properties’)

(28) every farmer who owns a donkey beats it

every
loomoon

Quantifier

farmerx who owns a donkeyy
loooooooooooooooooomoooooooooooooooooon

Restrictor

hex beats ity
loooooomoooooon

Scope

(29) If ϕ(a N 1, . . . , a Nn), [then] ADV ψ (it1,. . . , itn) ÞÑ
ADV’(x̂1,. . . , x̂n [x1 is a N 1 & . . .& xn is a N n & ϕ'(x1, . . . , xn)],

x̂1,. . . , x̂n ψ'(x1, . . . , xn))
(30) a.

If a farmer own a donkey, he

$

’

’

’

’

&

’

’

’

’

%

always
sometimes

never
usually
. . .

,

/

/

/

/

.

/

/

/

/

-

beats it with a stick.

b.
$

’

’

&

’

’

%

Every
No
Most
. . .

,

/

/

.

/

/

-

farmer[s] who own[s] a donkey beat it with a stick.

4 Asymmetries
(31) Most farmers who own a donkey beat it.
(291) MOST(x̂ ŷ farmer'(x) & donkey'(y) & own'(x,y), x̂ ŷ beat'(x,y))
(32) Every person who has a dime will put it in the meter.
(301) @ (x̂ ŷ person'(x) & dime'(x) & have'(x,y), x̂ ŷ put-in-the-meter’(x,y))

[” p@x) (@y) ([person'(x) & dime'(x) & have'(x,y)] Ñ
put-in-the-meter'(x,y))

”

p@xq ([person'(x) Ñ
(@y) ([dime'(x) & have'(x, y)] Ñ put-in-the-meter'(x,y)])])

(302) (@x)((Dy) [person'(x) & dime'(x) & have'(x,y)] Ñ
(Dy) [person'(x) & dime'(x) & have'(x,y) & put-in-the-meter'(x,y)])

(33) everyn
universal’ =

λR λS (@x) (@y2) . . . (@yn) [R(x, y2, . . . , yn)Ñ Spx, y2, . . . , ynq]
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(34) everyn
existential’ =

λR λS (@x) [(Dy2) . . . (Dyn) R(x, y2, . . . , yn)Ñ
(Dy2). . . (Dyn)[Rpx, y2, . . . , ynq & Spx, y2, . . . , ynqss

(35) Most persons who have a dime will put it in the meter.
(331) MOST (x̂ (Dy) [person'(x) & dime'(x) & have'(x,y)],

x̂ (Dy) [person'(x) & dime'(x) & have'(x,y) & will-put-in-the-meter'(x,y))]
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(36) EXISTENTIALnpQq =
λR λS (Qx)((Dy2). . . (Dyn) R(x,y2, . . . , yn),

(Dy2). . . (Dyn) [R(x,y2, . . . , yn) & S(x,y1, . . . , yn)])
[= λR λS Q(x̂ (Dy2) . . . (.Dyn) R(x,y2, . . . , yn),

x̂ (Dy2). . . (Dyn)[R(x,y2, . . . , yn) & Spx, y1, . . . , ynqs)]

(37) Every farmer who owns a donkey, beats it.
(351) p@xqppDyq[farmer'(x) & donkey'(x) & have'(x,y)] Ñ

(Dy)[farmer'(x) & donkey'(x) & have'(x,y) & beat'(x,y)])

(38) Most people that owned a slave also owned his offspring.
(361) MOST(x̂ ŷ [person'(x) & slave'(y) & own'(x,y)],

x̂ ŷ [person'(x) & slave'(y) & own'(x,y) & own'(x,y’s offspring)])
(39) MOST(x̂ (Dy) [person'(x) & slave'(y) & own'(x,y)],

x̂ (@y) [[person'(x) & slave'(y) & own'(x,y)] Ñ own'(x,y’s offspring)])

(40) UNIVERSALnpQq =
λR λS (Qx)((Dy2). . . (Dyn) Rpx, y2, . . . , ynq,

(@y2) . . . (@yn) [Rpx, y2, . . . , ynq Ñ Spx, y1, . . . , ynq])

(41) If a farmer owns a donkey he is usually rich.
(391) (MOST x̂ ŷ) ([farmer'(x) & donkey'(y) & own'(x,y)], rich'(x))
(392) (MOST x̂) ((Dy)[farmer'(x) & donkey'(y) & own'(x,y)], rich'(x))

(=(MOST x̂)((Dy)[farmer'(x) & donkey'(y) & own'(x,y]),
(Dy) [farmer'(x) & donkey'(y) & own'(x,y) & rich'(x)])
=
(EXISTENTIALn(MOST) x̂)([farmer'(x) & donkey'(y) & own'(x,y)], rich'(x)))

(42) If a DRUMMER lives in an apartment complex, it is usually half empty.
(401) (MOST x̂) ((Dy) [apartment-complex'(x) & drummer'(y) & live-in'(y,x)],

(Dy)[apartment-complex'(x) & drummer'(y) & live-in'(y,x) & half-empty'(y)])
[“The majority of tenement houses, where a drummer lives, is half empty.”]

(43) If a drummer lives in an APARTMENT COMPLEX, it is usually half empty.
(411) (MOST ŷ) ((Dx) [apartment-complex'(x) & drummer'(y) & live-in'(y,x)],

(Dy) [apartment-complex'(x) & drummer'(y) & live-in'(y,x) & half-empty'(y)])
[“The majority of drummers, who live in rented houses, live in semi-empty ones.”]
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5 Uniqueness
(44) Every farmer who owns a donkey, beats it.
(421) p@xq ([farmer'(x) & (Dy) [donkey'(y) & own'(x,y)]],

beat'(x,(ιy)[donkey'(y) & own'(x,y)]))
[“Every farmer slaps the donkey he owns.”]

(45) Every woman who bought a sage plant bought eight others along with it.
(46) No parent with a teenage son lends him the car.
(47) If a woman buys a sage plant here, she always buys eight others along with it.
(48) If a woman has a teenage son, she never lends him the car.

6 Discourse Representation
6.1 Relations
(47a) A farmer wanted to introduce a priest to a doctor. He told him that he already

knew him.
(47b) x̂ ŷ ẑ WI(x,y,z) & F(x) & P(y) & D(z)
(47c) x̂ ŷ ẑ TK (x,y,z)
(47d) [x̂ ŷ ẑ WI(x,y,z) & F(x) & P(y) D(z) ] X [ x̂ ŷ ẑ TK (x,y,z) ]

” [x̂ ŷ ẑ WI(x,y,z) & F(x) & P(y) D(z) & TK (x,y,z)]

(47e) [x̂ ŷ ẑ WI(x,y,z) & F(x) & P(y) D(z) & TK (x,y,z)]

(48a) JϕK Ď Un

p48bq U ˆ ¨ ¨ ¨ ˆ U
loooooomoooooon

n times

(48c) BA “ tf Ď pAˆBq | f : AÑ Bu

(48d) n “ tm P ω | m ă nu “ t0, . . . , n´ 1u
(48e) tf Ď pnˆ Uq | f : nÑ Uu

(48f) Un – tf Ď pX ˆ Uq | f : X Ñ Uu ô| X |“ n
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6.2 Representations
Basic symbols:

Predicates with -arities: P,Q,R . . .
Variables (discourse markers)
Quantifiers: @,MOST,NO
Auxiliary symbols: (((, ))), [[[, ]]], ,,,, :::

Categories:
Main category: DRS
Others: Pred[n], Var, Cond, Quant

Formation rules

(i) X Ď V ar,Φ Ď Condñ [[[X::: Φ]]] P DRS
(ii) R P Predrns,x1, . . . ,xn P V ar ñ Rpx1, . . . ,xnq P Cond

(iii) Q P Quant,K,K 1 P DRS ñ [[[K<<<Q>>> K 1]]] P Cond

Interpretation:

Model M = pUM, FMq, where: UM ‰ H, FM : Pred[n] Ñ ℘pUMnq

Assignment g for model M: Var ô UM

Extension JAKM,g of A relative to M and g:

(i1) J [[[X ::: Φ]]] KM,g “ tf : X Ñ UM | p@ϕ P Φq JϕKM,gYf “ 1
(i˚) dompgq XX “ H

(ii1) JR(((x1, . . . ,xn)))KM,g “

#

1 if pgpx1q, . . . , gpxnqq P FMpRq
0 if pgpx1q, . . . , gpxnqq R FMpRq

(ii˚) tx1, . . . ,xnu Ď dompgq

(iiia) J[[[K<<<@>>> K 1]]]KM,g “ 1 ô p@f P JKKM,gqpDhqh P JK 'KM,gYf

(iiib) J[[[K<<<NO>>> K 1]]]KM,g “ 1 ô  pDf PJKKM,g) (Dhqh P JK 'KM,gYf

(iiic) J[[[K<<<MOST>>> K 1]]]KM,g “ 1 ô
| tf PJKKM,g : pDhqh P JK 'KM,gYfu |ą| tf PJKKM,g :  pDhqh PJK 'KM,gYfu |

(iii˚) (@f P JKKM,gq JK 'KM,gYf def. & JKKM,g def.

Asymmetric quantification

FM : Quant Ñ ℘p℘pUMq ˆ ℘pUMqq

(iv) Q P Quant, x P V ar,K,K 1 P DRS ñ [[[K<<<Qx>>> K 1]]] P Cond
(iv1) J [[[K<<<Qx>>> K 1]]]KM,g “ 1 ô
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({u P UM : pDfqf Y tpx, uqu P JKKM,gu,
tu P UM | pDf, hqrf Y tpx, uqu P JKKM,g&pDhqh P JK'KM,fYgYtpx,uqu]})

P FMpQq
ô ptu P UM : pDf P JKKM,guqfpxq “ uu,

tu P UM | pDf P JKKM,guqrfpxq “ u &JK'KM,fYgu ‰ H]})
P FMpQq

(iv2) JrK ă Qx ą K'sKM,g “ 1 ô
({u P UM : pDfqf Y tpx, uqu P JKKM,gu,

tu P UM : p@fqrf Y tpx, uqu P JKKM,g ñ pDhqh P JK'KM,fYgYtpx,uqu]})
P FMpQq

ô ({u P UM : pDf P JKKM,guqfpxq “ uqu,
tu P UM : p@f P JKKM,guqrfpxq “ uñ JK'KM,fYg ‰ H]})

P FMpQq
(iv˚) Like (iii˚)

Truth Values

(49) |(44)| = rH| rtx, yu|tF pxq, Dpyq, Opx, yqus ă @x ą rH| tBpx, yqus s

(50) Jrtx, yu|tF pxq, Dpyq, Opx, yqus ă @x ą rH| tBpx, yqusKM,g

= Jrtx, yu|tF pxq, Dpyq, Opx, yqus ă @x ą rH| tBpx, yqusKM

= 1 ô pFMpF q ˆ FMpDqq X FMpOq Ď FMpBq

(51) JrH| rtx, yu|tF pxq, Dpyq, Opx, yqus ă @x ą rH| tBpx, yqus sKM,g

= tf : HÑ UM|Jrtx, yu|tF pxq, Dpyq, Opx, yqus ă @x ą rH| tBpx, yqusKM,gYf “

1u
= tf : HÑ UM|pFMpF q ˆ FMpDqq X FMpOq Ď FMpBqu
ô Φ

HENCE:

(52) a. IF AH “ H (for any A):  
J|p44q|KM,g “ H

b. IF AH “ tHu (for any A): Carnapian truth values
J|p44q|KM,g “ tHu iff Φ, and . . . = H otherwise

c. IF AH “ A (for any A):: ‘algebraic’ truth values
J|p44q|KM,g “ UM iff Φ, and . . . = H otherwise

d. etc.

Anaphors

(v) x,y P V ar ñ (((x === y))) P Cond
(v1) J (((x === y))) KM,g “ 1 ô gpxq “ gpyq
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