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O
verview

�

N
onm

onotonic
reasoning

�

T
he

C
losed

W
orld

A
ssum

ption

�

Predicate
C

om
pletion

�

R
eiter’s

defaultlogic

�

K
L

M
approach

to
nonm

onotonic
consequence

�

B
elief

change
and

nonm
onotonic

consequence

�

T
he

B
ig

Picture!

�

Sum
m

ary
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N
o

n
m

o
n

o
to

n
icity

�

C
lassicallogic

satisfies
the

follow
ing

property

�

M
onotonicity:

If∆

�

Γ
,then

C
n� ∆� �

C
n� Γ�

(equivalently,Γ

�

φ
im

pliesΓ

�

∆

�

φ)
�

H
ow

ever,w
e

often
draw

conclusions
based

on
‘w

hatis
norm

ally
the

case’
or

‘true
by

default’

�

M
ore

inform
ation

can
lead

us
to

retractprevious
conclusions

�

W
e

shalladoptthe
follow

ing
notation

�
�

classicalconsequence
relation

�
� �

nonm
onotonic

consequence
relation
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E
xam

p
le

Suppose
I

tellyou
‘Tw

eety
is

a
bird’

Y
ou

m
ightconclude

‘Tw
eety

flies’

I
then

tellyou
‘Tw

eety
is

an
em

u’

Y
ou

conclude
‘Tw

eety
does

notfly’

bird� T
w

eety�� �

flies� T
w

eety�

bird� T
w

eety� �

em
u� T

w
eety�� �

�

flies� T
w

eety�
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T
h

e
C

lo
sed

W
o

rld
A

ssu
m

p
tio

n

�

A
com

plete
theory

is
one

in
w

hich
for

every
ground

atom
in

the
language,either

the
atom

or
its

negation
appears

in
the

theory

�

T
he

closed
w

orld
assum

ption
(C

W
A

)
com

pletes
a

base
(non-closed)

setof
form

ulae
by

including
the

negation
of

a
ground

atom
w

henever
the

atom
does

notfollow
from

the
base

�

If
w

e
have

no
evidence

as
to

the
truth

of
(ground

atom
)

P
,w

e
assum

e
thatitis

false

�

G
iven

a
base

setof
form

ulae
∆

w
e

firstcalculate
the

assum
ption

set

�

P

�

∆
asm

iff
for

ground
atom

P� ∆

� �

P

�

C
W

A� ∆�
 

C
n! ∆

�

∆
asm"
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E
xam

p
le

∆

 
! P� a� � P� b� � P� a� #

Q

� a�"

∆
asm

 
! �

Q

� b�"

T
heorem

:
T

he
C

W
A

applied
to

a
consistent

set
of

form
ulae

∆
is

inconsistentiff
there

are
positive

ground
literals

L
1� $$$

�

L
n

such
that

∆

�  

L
1 % $$$%

L
n

but∆

��  

L
i for

i  

1� $$$
� n.

�

N
ote

thatin
the

exam
ple

above
w

e
lim

ited
our

attention
to

the
object

constants
thatappeared

in
∆

how
everthe

language
could

contain
other

constants.
T

his
is

know
n

as
the

D
om

ain
C

losure
A

ssum
ption

(D
C

A
)

�

A
nother

com
m

on
assum

ption
is

the
U

nique-N
am

es
A

ssum
ption

(U
N

A
).

If
tw

o
ground

term
s

can’tbe
proved

equal,assum
e

thatthey
are

not.
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P
red

icate
C

o
m

p
letio

n

Idea:
T

he
only

objects
thatsatisfy

a
predicate

are
those

thatm
ust

�

For
exam

ple,suppose
w

e
have

P� a� .
C

an
view

this
as

&

x $

x  

a#

P� x�

the
if-half

of
a

definition
�

C
an

add
the

only
if

part:

&
x$

P� x� #

x  

a

�

G
iving:

&

x$

P� x� '
x  

a
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P
red

icate
C

o
m

p
letio

n
�

D
efinition:

A
clause

is
solitary

in
a

predicate
P

ifw
heneverthe

clause
contains

a
postivie

instance
of

P
,itcontains

only
one

instance
of

P
.

�

For
exam

ple,Q

� a� �

P� a� � �

P� b�

is
notsolitary

in
P

Q

� a� �

R� a� �
P� b�

is
solitary

in
P

�

C
om

pletion
of

a
predicate

is
only

defined
for

sets
of

clauses
solitary

in
thatpredicate
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P
red

icate
C

o
m

p
letio

n

�

E
ach

clause
can

be
w

ritten:

&

y$

Q
1 � $$$�

Q
m #

P� t�

(P
notcontained

in
Q

i )

&

y $
&

x $
� x  

t� �

Q
1 � $$$�

Q
m #

P� x�

&

x$
� (

y$
� x  

t� �

Q
1 � $$$�

Q
m #

P� x��

(norm
alform

of
clause)

�

D
oing

this
to

every
clause

gives
us

a
setof

clauses
of

the
form

:

&

x$

E
1 #

P� x�

...

&

x $

E
n #

P� x�

�

G
rouping

these
together

w
e

get:

&

x $

E
1 % $$$%

E
n #

P� x�

�

C
om

pletion
becom

es:&

x$

P� x� '

E
1 % $$$%

E
n

and
w

e
can

add
this

to
the

originalsetof
form

ulae

c�

Sam
ir

C
hopra

and
M

aurice
Pagnucco,2000

G
enerated:

22
Septem

ber
2000

L
SS

2000,T
hursday

14
D

ecem
ber,2000

A
pplied

L
ogic

I:N
onm

onotonic
R

easoning
10

E
xam

p
le

�

Suppose
∆

 
! &

x $

E
m

u� x� #

B
ird� x�

B
ird� T

w
eety� �

�

E
m

u� T
w

eety�"

�

W
e

can
w

rite
this

as

&

x$
� E

m
u� x� %

x  

T
w

eety� #

B
ird� x�

�

Predicate
com

pletion
of

P
in

∆
becom

es
∆

�
! &

x$

B
ird� x� '

E
m

u� x� %

x  

T
w

eety"
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R
eiter’s

D
efau

ltL
o

g
ic

(1980)

�

A
dd

defaultrules
of

the
form

α
:βγ

�

“Ifα
can

be
proven

and
consistentto

assum
e

β,then
conclude

γ”

�

O
ften

consider
norm

aldefaultrules
α

:ββ

�
E

xam
ple:

bird) x* :flies) x*

flies) x*

�
D

efaulttheory

+ D

� W

,

D
–

setof
defaults;W

–
setof

facts

�

E
xtension

of
defaulttheory

contains
as

m
any

defaultconclusions
as

possible
and

m
ust

be
consistent

(and
is

closed
under

classical
consequence

C
n)

�

C
oncluding

w
hether

form
ula

φ
follow

s
from

+ D

� W

,

�

Sceptical
inference:

φ
occurs

in
every

extension
of+ D

�

W

,

C
redulous

inference:φ
occurs

in
som

e
extension

of+ D

� W

,
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E
xam

p
les

�

W

 
!" ;D

 
!

:p-

p "

–
no

extensions

�

W

 
! p%

r" ;
D

 
!

p:qq

�

r:qq

"

–
one

extension

! p%

r"

�

W

 
! p%

q" ;D
 

!
: -

p

-
p �

: -

q

-

q "

–
tw

o
extensions! �

p�

p%

q" �! �

q�

p%

q"
�

W

 
! em

u� T
w

eety� �

em
u� x� #

bird� x�" ;D

 
!

bird) x* :) flies) x*

flies) x*
"

–
one

extension

�

W
hatif

w
e

add
em

u) x* : -

flies) x*

-

flies) x*

?

�

Poole
(1988)

achieves
a

sim
ilar

effect(butnotquite
as

general)
by

changing
the

w
ay

the
underlying

logic
is

used
rather

than
introducing

a
new

elem
entinto

the
syntax
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D
efau

lt
T

h
eo

ries—
P

ro
p

erties

O
bservation:

E
very

norm
aldefaulttheory

(defaultrules
are

allnorm
al)

has
an

extension

O
bservation:

If
a

norm
aldefaulttheory

has
severalextensions,they

are
m

utually
inconsistent

O
bservation:

A
default

theory
has

an
inconsistentextension

iff
D

is
inconsistent

T
heorem

:
(Sem

i-m
onotonicity)

G
iven

tw
o

norm
aldefaulttheories+ D

� W

,

and

+ D .
� W .

,

such
thatD

�

D .

then,for
any

extension

/� E� W

�

there
is

an
extension

/� D .
� W .

�

w
here

/� E� W

� �
/� D .

� W .
�

(T
he

addition
of

norm
aldefaultrules

does
notlead

to
the

retraction
of

consequences.)
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N
o

n
m

o
n

o
to

n
ic

C
o

n
seq

u
en

ce

�

A
bstractstudy

and
analysis

of
nonm

onotonic
consequence

relation

� �

in
term

s
of

general
properties

K
raus,L

ehm
ann

and
M

agidor
(1991)

�

Som
e

com
m

on
properties

include:

Supraclassicality
Ifφ

�

ψ
,then

φ

� �

ψ
L

eftL
ogicalE

quivalence
If�

φ'

ψ
and

φ

� �

χ,then
ψ

� �

χ
R

ightW
eakening

If �

ψ#

χ
and

φ

� �

ψ
,then

φ

� �

χ
A

nd
Ifφ

� �

ψ
and

φ

� �

χ,then
φ

� �

ψ�

χ

�

Plus
m

any
m

ore!
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K
L

M
S

ystem
s

�

K
raus,

L
ehm

an
and

M
agidor

(1991)
study

various
classes

of
nonm

onotonic
consequence

relations

C
um

ulative

C
um

ulative-L
oop

Preferential

C
um

ulative-M
onotonic

M
onotonic

⊇

�

T
his

has
been

extended
since.

A
good

reference
for

this
line

of
w

ork
is

Schlechta
(1997)
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B
elief

C
h

an
g

e
an

d
N

M
R

�

C
an

define
φ

� �

K ψ
iffψ

�

K 0

φ
(cf.

R
am

sey
test)

�

T
ranslation

of
A

G
M

revision
postulates:

(K
*1)

=
Ifφ

� �
ψ

i for
allψ

i �

K
and

K

�

χ,then
φ

� �

χ
(C

losure)
(K

*2)
=

φ
� �

φ
(R

eflexivity)
(K

*3)
=

Ifφ
� �

ψ
,then

1
� �

φ#

ψ
(W

eak
C

onditionalisation)
(K

*4)
=

If1
� � �

�φ
and

1
� �

φ#

ψ
,then

φ

� �

ψ
(W

eak
R

ational
M

onotony)
(K

*5)
=

Ifφ

� �
2

,then
φ

�
2

(C
onsistency

Preservation)
(K

*6)
=

L
eftL

ogicalE
quivalence

(K
*7)

=
Ifφ�

ψ

� �

χ,then
φ

� �
ψ#

χ
(C

onditionalisation)
(K

*8)
=

Ifφ

� � �
�ψ

and
φ

� �

χ,then
φ�

ψ

� �

χ
(R

ationalM
onotony)

�

N
ote

that

� �

is
w

ith
respectto

a
particular

K

�

A
ll

these
postulates

are
know

n
in

the
nonm

onotonic
consequence

literature
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B
elief

C
h

an
g

e
an

d
D

efau
lts

�

C
an

view
norm

aldefaults
α

:ββ
as

supernorm
aldefaults

3

:α4

β
α4

β

�

C
an

encode
such

defaults
in

epistem
ic

entrenchm
entas

α#
�β

5

α#

β

�

‘G
iven

inform
ation

α
,strictly

preferβ
to

�β’

�

bird� T
w

eety� #
�

flies� T
w

eety� 5

bird� T
w

eety� #

flies� T
w

eety�

�

Itis
consistentto

have
bird� T

w
eety� �

em
u� T

w
eety� #

flies� T
w

eety� 5

bird� T
w

eety� �

em
u� T

w
eety� #

�

flies� T
w

eety�
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T
h

e
b

ig
p

ictu
re!

*
- .

SO
S<

|~R
ational choice

C
onditionals

...

H
arper Identity

L
evi Identity

(C
*)

(C
-) .
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S
u

m
m

ary

N
onm

onotonic
reasoning

attem
pts

to
capture

a
form

of
com

m
onsense

reasoning

N
onm

onotonic
reasoning

often
deals

w
ith

inferences
based

on
defaults

or
‘w

hatis
usually

the
case’

B
elief

change
and

nonm
onotonic

reasoning:
tw

o
sides

of
the

sam
e

coin?

C
an

introduce
abstractstudy

of
nonm

onotonic
consequence

relations
in

sam
e

w
ay

as
w

e
study

classicalconsequence
relations

Sim
ilar

links
existw

ith
conditionals

N
onm

onotonic
reasoning

is
a

vastarea
of

study

A
n

im
portantform

of
nonm

onotonic
reasoning,especially

for
reasoning

aboutaction,is
circum

scription
butw

e
do

nothave
tim

e
to

cover
ithere
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