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1. From a classical point of view

a. Conditional donkeys

@ If a farmer owns a donkey, he beats it.
() (Ox) (Oy) [ [x is a farmer &y is a donkey & x owns y] — X beatsy ]

)

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

a farmer owns a donkey he, beats ity

afarmer x he, owns a donkey

adonkey y he,ownsit,

(3) ((X) (Oy[ farmer'( x) & donke & own'(_x O beat'(x,y))
['If a farmer owns a donkey, then x owns y’]

@

if a farmer owns a donkey, he beats it

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

adonkey y ifhe, ownsit,, he, beatsit,

he, owns it, hey beats it,

4) (X (Ly) [ farmer'(x) & donkey'(y) & (own'(x,y) O beat'(x,y)) ]
['A certain farmer beats a certain donkey, if he owns it.’]

o) ?If a farmer owns every/each donkey, he beats it.
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b. Relative donkeys

©
@

(7)

®

(8)

©)

Every farmer who owns a donkey beats it.

every farmer who owns a donkey beats it,

every farmer whoowns adonkey  x he, beatsit,

farmer z he, owns a donkey

adonkey y he,ownsit,

(Ox) ([ farmer'(x) & (0Oy) [ donkey'(y) & own'(x.y) ] ] — beat'(x,y) )
[‘Every farmer who owns a donkey beats y']

every farmer who owns a donkey beats it

adonkey vy every farmer who owns it, beats it,

every farmer whoownsit, X he, beatsit,

farmer he it

(Oy) [ donkey'(y) & (Ox) ([ farmer'(x) & own'(x,y) ] — beat'(x,y) ) ]
[Every farmer who owns a certain donkey beats it]

’Every farmer who owns every/each donkey beats it.
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2. Discourse Anaphora

(10)  Afarmer owns a donkey. He likes it.

11)

(X) (Oy)[farmer’(x) & donkey'(y) & own’(X,y) & like'(x,y)]

AT PSRRI S S

? b
@ (b)
(12)
a farmer owns a donkey. he likes it.
(%) (Oy) [ farmer’'(x) & donkey’(y) & own’(x,y) & like'(x,y) ]
afarmer X he, owns a donkey. he, likes it

AP (OX) [farmer'(x) & P(x)] AX (Oy) [ donkey'(y) & own’(x,y) & like'(x,y) ]

he, owns it,. he, |
[own'(x,y) & like

a donkey

AP (1) [ donkey'(x) & P(x)] Y

he,ownsit,  he,

(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 [i.e., his pacheck] to his mistress.

(15 (a) A boy owns a guinea-pig.
(b) He [i.e., the boy who owns guinea-pig] likes it [i.e., the guinea-pig
that he, the boy who owns guinea-pig, owns].
(@) (¥ () [ boy'(x) & guinea-pig'(y) & (own'(x,y)) ] -
()  like'( (1) [ boy'(x) & (L) [guinea-pig'(y) & (own'(x,y))] 1,
(ty) [guinea-pig'(y) & (LX) [boy'(x) & (own'(x,y))I 1)
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[rides on a bicycle|

A farmer :
| cycles |
][the bicycle that the farmer who rides on a bicycle rides on]\
. . . does
\ [the bicycle that the cycling farmer rides on] /
[[the farmer who rides on a bicycle]|

not belong to him \ [the cycling farmer] |

A farmer rides on a bicycle.

It does not belong to him.

AR (IX) (Oy) [farmer'(X) & bicycle'(y) & ride-on'(x,y) & R(X.y)]
Xy [=belong'(y,x) & R(x,y) ]

A farmer cycles.

It does not belong to him.

(X) (Oy) [farmer'(x) & bicycle'(y) & ride-on'(x,y) & R(X)]
Xy [=belong'(y,x) & R(X) ]

Xy [farmer'(x) & bicycle'(y) & ride-on'(x,y) ]
Xy = belong'(y,x)
Xy [farmer'(x) & bicycle'(y) & ride-on'(x,y) & = belong'(y,x)]

X (Oy) [farmer'(x) & bicycle'(y) & ride-on'(x,y)]

Xy = belong'(y,x)

Xy [(Oy) [farmer'(x) & bicycle'(y) & ride-on'(x,y) ] & =
belong'(y,x)

A man loves a woman. He Kkisses her.
A man loves a woman. A man kisses her.

3. Adverbs of Quantification

(20)

always
sometimes

If a farmer owns a donkey, he beats it.
\ never f
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1)

f (Ox) Qy) \ j
(x) () : :
\_. () (EV)I ([xisafarmer &y is a donkey & x ownsy] \

R o |

} X beatsy)

(21)

Ro |

-~

/ Oxy \
Xy . .
\ Oxy / ([xis afarmer &Yy is a donkey & x owns y] X beatsy)

—
;R

(21")

—

0] \ j
{ DDI (Xy ([xisafarmer &y isadonkey & x ownsy] \

<|
&f X beats y) )

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

(23)

X beats y)

x>
<5

U
H

-0 (Xy xisafarmer &y is adonkey & x owns'y,
\MOSTI

(24)
always
sometimes

If a boy draws a picture of a girl, he never gives it to her.
\ usually f

@5) Ifd@N,,....aN,), [then] ADV W(it,,... it ) ~
ADV'(Xy,... X, [X isaN; & ... &x isaN, & 0'(Xy,....x) ], Xg,....Xp,
P'(Xqs--a0Xp) )
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(26)

always
sometimes
If a farmer owns a donkey, he never beats it
usually

always
sometimes
never

usually
a farmer, owns a donkey,, he, beats it
QUANTIFIER RESTRICTOR SCOPE

(27) afarmer, ownsa donkeyy + [ farmer'(x) & donkey'(y) & own'(x,y) ]
a farmer,  farmer'(x) (‘Indefinites as variables’)

a farmer owns a donkey ~ [ (farmer’ x donkey') n own']
a farmer, ~ farmer' (‘Indefinites as properties’)

(28) every farmer who owns a donkey beats it

farmer, who owns a donkey,, he. beats it
X Y

QUANTIFIER RESTRICTOR SCOPE

4. Asymmetries

(29) Most farmers who own a donkey beat it.
(29) MOST(xy farmer'(x) & donkey'(y) & own'(x,y), Xy beat'(x,y))
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Every person who has a dime will put it in the meter.

O(Xy person'(x) & dime'(x) & have'(x,y) & put-in-the-meter'(x,y))

[= (Ox) (Dy) ( [person’(x) & dime'(x) & have'(x,y)] -
put-in-the-meter'(x,y))

(Ox) ( [person'(x) —
(dy) ([ dime'(x) & have'(x.y)] - put-in-the-meter'(x,y) ]) ]

(Ox) ( (Oy) [person’(x) & dime'(x) & have'(x,y)] -
(Oy) [person'(x) & dime'(x) & have'(x.y) & put-in-the-meter'(x,y) 1)

eVeryiniversal =
ARAS (Ox) (Qy,) ... (AQy,) [RXY..0Y,) —» SX.Yo,..0¥,)

eVelYexistential =
ARAS (Ox) [(Dy,) ... (Oy,) RXYp...Y) —
(0)... (L) [RXYoi--Y) & S(XYs,. Y 1]

Most persons who have a dime will put it in the meter.
MOST ( X (0) [person'(x) & dime'(x) & have'(x,y)] ,
X (0¥) [person'(x) & dime'(x) & have'(x,y) & will-put-in-the-meter'(x,y)) ])

EXISTENTIAL(Q") =
ARAS (QX) ((y5)..-(Hy,) R(X.Yoi-.Y)

(0y)-. () [RXYs,-Y,) & S(XYq,--Y0) 1)
[=ARAS QX (T¥y)... (V) RXYz0-- ¥

X (OY,)..(Oy,) [ROGYg:-1Y) & S(XYq--Y )] )]

Every farmer who owns a donkey beats it.
(Ox) ((Oy) [farmer'(x) & donkey'(x) & have'(x,y)] -
(Oy) [farmer'(x) & donkey'(X) & have'(x,y) & beat'(x,y) ])

Most people that owned a slave also owned his offspring.

MOST(XY [person'(x) & slave'(y) & own'(x,y)],

Xy [person'(x) & slave'(y) & own'(x,y’s offspring) ])

MOST( X (0y) [person'(x) & slave'(y) & own'(x,y)],

X (Ody) [ [person'(x) & slave'(y) & own'(x,y)] — own'(x,y’s offspring) ] )
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(38) UNIVERSAL(QM =
ARAS (QX) ((y5)..-(Hy,) R(X.Yoi-.Y)
(Qy,)...(Ay,) [RKYo.-¥n) = SXYq,-¥n) D

(39) Ifafarmer owns a donkey he is usually rich.

(39) (MOST Xy ) ([farmer'(x) & donkey'(y) & own'(x,y)], rich'(x) ])
(39") (MOST X) ((Oy) [farmer'(x) & donkey'(y) & own'(x,y), rich'(x)]
(=(MOST X) ( () [farmer'(x) & donkey'(y) & own'(x,y),

(Oy) [farmer'(x) & donkey'(y) & own'(x,y) & rich'(X)] )

(EXISTENTIAL(MOST) X) ([farmer'(x) & donkey'(y) & own'(x,y)],rich'(x) ))

(40) If aDRUMMER lives in an apartment complex, it is usually half empty.
(40 (MOST V) ((IX) [apartment-complex'(x) & drummer'(y) & live-in'(y,x)],
(Oy) [apartment-complex'(x) & drummer'(y) & live-in'(y,x) & half-empty'(y) ])

[ The majority of apartment complexes with a drummer in them are half empty.’]

(41) If adrummer lives in an APARTMENT COMPLEYX; it is usually half empty.
(41) (MOST X) ( (0y) [apartment-complex'(x) & drummer'(y) & live-in'(y,x)],

(Oy) [apartment-complex'(x) & drummer'(y) & live-in'(y,x) & half-empty'(y) ])
[ The majority of drummers living in apartment complexes live in half empty
apartment complexes’]

5. Uniqueness
(42) Every farmer who owns a donkey beats it.

(42) (Ox) ([ farmer'(x) & (Oy) [ donkey'(y) & own'(x,y)] ],

beat'(x,(1y)[ donkey'(y) & own'(x,y) ])
[‘Every farmer beats the donkey he owns']

(43) Every woman who bought a sage plant bought eight others along with it.
(44) No parent with a teenage son lends him the car.

(45) If awoman buys a sage plant here, she always buys eight others along
with it.
(46) If awoman has a teenage son, she never lends him the car.
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1. Indirect interpretation

@

N — L |:| M 0 I
natural translation formal inter- classof restricted by ‘good’
language algorithm language pretation models meaning models

(logic) postulates
[={mOM OM |= 1} = {mOM OO0 I1: M |= ¢}
m = (F,i,c,0)

2. Kinds of postulates

@  0=00C,....c)

3) be'=Px P{y x=y}

@ every=P Q (I[P - Q]

(5a) John is slowly eating a banana.
0 John is eating a banana.

(Go)  (OP) (Ox) [slowly'(x) — Pix}]

(6a) John finds a banana.
0 There is a banana.
(6b) Mary found a groundhog.

All woodchucks are groundhogs.

All groundhogs are woodchucks.
O John found a woodchuck.

6c) (CR)find'= PX P(y R{xy})

(7a) Mary loves John. Everyone loves John.
O Someone loves John. 0  Mary loves John.

(M) (IX) Mary' = P P{x}

®) Kill' = cause'(die’)
© seek'=Px try(xP{y find'(xy)})
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(10a) Mary' = P P(m)

(10b) Mary' = Ai AP P(m(i))

(10c) Mary' = Ai AP P(m)

(10) (Ox) [ bachelor'(x) — ~ married'(x) ]
(11) no'=P Q every(P) (X -Q{x)

(12) () [pilot(x) ~ (Ly) [ plane’(y) & fly'(x,y) 1]

(13) (Oy) [plane(y) ~ (IX) [ pilot(x) & fly'(x,y)]]

3. Problems with postulates

(14a) John saw nobody smile.
O There was nobody that John saw smile.
(14b) There was nobody that John saw smile.
O John saw nobody smile.

(14c) (Bx) (OQ) (BP) [see'(x, ~Q( ¥ P{y}) ~ Q(y see'(x,™ P{y}) ]
[=... [see'(x, ~ Qy) P{y}) ~ (Qy) see'x,~ Py} ]]

(15) John opened the drawer. Mary closed it again,.
(16) Itrained again;.
(17)  John opened the drawer. Mary had closed it again,.

(18 (Ox) (BP) (Op)
[again,(™ CAUSE("P{x}),  BECOME(p))
- CAUSE(("P{x}, ™ again; (" BECOME(p))) ]

(19 o (Ox) (EP) (Op)
[ CAUSE(™ press-the-button(x)),  BECOME(water))
o CAUSE((" press-the-button(x),  BECOME(cold-water)) ]

(19 [again,(™ CAUSE("press-the-button(p)), * BECOME(water)) -
CAUSE(™press-the-button(p), ~ again, (* BECOME(cold-water))) ]



