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B
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R
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onstruction:
System
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�

T
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B
elief

R
evisio

n

W
antto

incorporate
a

belief
in

a
consistentfashion

(K
*1)

For
any

sentence
φ

and
any

belief
setK

,
K �φ

is
a

belief
set

(closure)
(K

*2)
φ�

K �φ
(success)

(K
*3)

K �φ�

K�

φ
(inclusion)

(K
*4)

If �φ� �

K
,then

K�

φ�

K �φ
(preservation)

(K
*5)

K �φ �
K�

if
and

only
if � �φ

(vacuity)
(K

*6)
If�

φ�
ψ

,then
K �φ �

K �ψ
(extensionality)

(K
*7)

K �φ�
ψ�� K �φ� �

ψ
(super

expansion)
(K

*8)
If �ψ� �

K �φ,then� K �φ� �

ψ�

K �� φ�

ψ�

(sub
expansion)

c�

Sam
ir

C
hopra

and
M

aurice
Pagnucco,2000

G
enerated:

22
Septem

ber
2000



L
SS

2000,W
ednesday

13
D

ecem
ber,2000

A
pplied

L
ogic

I:Introduction
to

A
G

M
A

pproach
II

4

A
d

d
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n
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ro
p

erties

1.
Ifφ�

K
,then

K �φ �

K

2.
K �φ �

� K 
K �φ� �

φ

3.
K �φ �

K �ψ
if

and
only

ifψ�

K �φ
and

φ�

K �ψ
4.

K �φ 

K �ψ�

K �� φ!
ψ�

5.
If �ψ� �

K �� φ!

ψ� ,then
K �� φ!

ψ� �

K �ψ
6.

K �� φ!

ψ� �

K �φ
orK �� φ!

ψ� �
K �ψ

orK �� φ!

ψ� �

K �φ 

K �ψ
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E
p

istem
ic

E
n

tren
ch

m
en

t

�

O
rdering

over
form

ulae
in"

�

C
ertain

beliefs
aboutthe

w
orld

are
m

ore
im

portantthan
others

w
hen

planning
future

actions,etc.

�

φ#

ψ
:ψ

is
atleastas

epistem
ically

entrenched
asφ

�

In
contraction,sentences

in
K

w
ith

low
er

entrenchm
entgiven

up

�

Tautologies
m

axim
ally

entrenched,non-beliefs
m

inim
ally

entrenched

$

B
utw

hatdoes
an

epistem
ic

entrenchm
entrelation

look
like?
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E
p

istem
ic

E
n

tren
ch

m
en

t

(E
E

1)
Ifφ#

ψ
and

ψ#

γ
then

φ#

γ
(transitivity)

(E
E

2)
If% φ& �

ψ
then

φ#

ψ
(dom

inance)
(E

E
3)

For
any

φ
and

ψ
,φ#

φ�

ψ
orψ#

φ�

ψ
(conjunctiveness)

(E
E

4)
W

hen
K� �

K�

,φ�

K
iffφ#

ψ
for

allψ
(m

inim
ality)

(E
E

5)
Ifφ#

ψ
for

allφ
then�

ψ
(m

axim
ality)

$

E
ssentially

w
e

have
a

series
of

“ranks”
or

levels
containing

form
ulae

of
equalentrenchm

ent.
M

oreover,the
tautologies

are
m

axim
ally

entrenched
(w

e
cannotgive

these
up!)

and
non-beliefs

are
m

inim
ally

entrenched
(w

e
don’tcare

aboutthese!)
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A
d

d
itio

n
alP

ro
p

erties

1.
φ#

ψ
orψ#

φ
(connectedness)

2.
Ifψ�

χ#

φ,then
φ#

φ
orχ#

φ

3.
φ'

ψ
iffφ�

ψ'

ψ

4.
Ifχ#

φ
and

χ#

ψ
,then

χ#

φ�

ψ

5.
Ifφ#

ψ
,then

φ#

φ�

ψ

6.
φ�

ψ �

m
in� φ( ψ�

7.
φ!

ψ)

m
ax� φ( ψ�

(N
B

:φ'

ψ *

ψ� #

φ)
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B
elief

C
h

an
g

e
via

E
n

tren
ch

m
en

t

(G
ärdenfors

and
M

akinson
1988)

(C#

)φ#
ψ

iffφ� �
K

.+� φ�

ψ�

or�

φ�

ψ

$

Preferψ
to

φ
if

w
e

w
ould

give
up

φ
w

hen
given

a
choice

betw
een

giving
up

φ
orψ

or
if

it’s
notpossible

to
give

up
either

form
ula

(C
.+

)ψ�

K
.+

φ
iffψ�

K
and

eitherφ'

φ!

ψ
or�

φ

$

R
etain

belief
if

it
w

as
originally

believed
and

there
is

“independent
evidence”

for
m

aintaining
itor

if
itis

notpossible
to

rem
ove

φ
(C �)ψ�

K �φ
iff

either �φ# �φ!
ψ

or � �φ
T

heorem
:

If
an

ordering#

satisfies
(E

E
1)

–
(E

E
5),then

the
contraction

function
w

hich
is

uniquely
determ

ined
by

(C
.+

)
satisfies

(K
.+

1)
–

(K
.+

8)
as

w
ellas

condition
(C#

).
T

heorem
:

If
a

contraction
function

.+

satisfies
(K

.+
1)

–
(K

.+

8),then
the

ordering
thatis

uniquely
determ

ined
by

(C#
)

satisfies
(E

E
1)

–
(E

E
8)

as
w

ellas
condition

(C
.+

).
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G
rove’s

S
p

h
eres

�

O
rdering

over
“possible

w
orlds”

(m
axim

ally
consistent

sets
of

form
ulae)

�

M
otivated

by
L

ew
is’

sphere
sem

antics
for

counterfactuals

�

System
ofspheres:

sets
ofpossible

w
orlds

nested
one

w
ithin

the
other

�

T
he

setof
allw

orlds,-

is
the

outerm
ost(largest)

sphere

�
. K/

is
the

set
of

w
orlds

consistent
w

ith
K

;
these

w
orlds

form
the

innerm
ost(sm

allest)
sphere

�

System
of

spheres
centred

on. K/
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S
ystem

s
o

f
S

p
h

eres

D
efinition:

L
et0

be
any

collection
of

subsets
of,- .

W
e

call0

a
system

of
spheres,centred

on
X� ,- ,if

itsatisfies
the

follow
ing

conditions:

(0

1)0

is
totally

ordered
by�

;thatis,ifU( V�0

,then
U�

V
orV�

U

(0

2)
X

is
the�

-m
inim

um
of0

(0

3),-

is
the�

-m
axim

um
of0

(0

4)
Ifφ�"

and� � �φ,then
there

is
a

sm
allestsphere

in0

intersecting

. φ/ (i.e.,there
is

a
sphere

U�0

such
thatU . φ/ � �

/0,and
V . φ/ � �

/0
im

plies
U�

V
for

allV�0

)
(L

ew
is’

L
im

itA
ssum

ption)
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B
elief

C
h

an
g

e
via

S
O

S
s

c1� φ�

—
the

sm
allestsphere

interesecting. φ/

f1� φ� �
c1� φ�  . φ/ —

innerm
ostφ-w

orlds

T
heorem

:
L

et0
be

any
system

of
spheres

in,-

centred
on. K/ for

som
e

theory
K�2

.
If

one
defines,for

any
φ�"

,K �φ
to

be
th� f1� φ�� ,then

the
axiom

s
(K

*1)
–

(K
*8)

are
satisifed.

T
heorem

:
L

et �
:2 3

" 4
2

be
any

function
satisfying

axiom
s

(K
*1)

–
(K

*8).
T

hen
for

any
(fixed)

theory
K

there
is

a
system

of
spheres

on,- ,

0

say,centred
on. K/ and

satisfying
K �φ �

th� f1� φ��

for
allφ�"

.
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A
G

M
R

evisio
n

[K
]

56

[φ]

c  (  )

f  (  )

77        φ

      φ
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A
G

M
P

artialM
eet

C
o

n
tractio

n

[K
]

56

[    φ]
¬

c  (    )

f  (     )

77           φ
      ¬

          φ
      ¬

c�

Sam
ir

C
hopra

and
M

aurice
Pagnucco,2000

G
enerated:

22
Septem

ber
2000

L
SS

2000,W
ednesday

13
D

ecem
ber,2000

A
pplied

L
ogic

I:Introduction
to

A
G

M
A

pproach
II

14

P
ro

p
erties

o
f

th
(G

rove
1988)

th
:2 894

2

(i)
th�. K/ � �

K
for

allbelief
sets

(i.e.,theories)
K

if
the

underlying
logic

is
com

pact

(ii)
th� X� � �

K�

if
and

only
if

X
is

nonem
pty

(iii)
For

any
sentence

φ�"

and
X� ,- ,th� X . φ/ � �

C
n� th� X� :

% φ& �

(iv)
For

X(

X ;
� ,- ,if

X�

X ;

,then
th� X ;� �

th� X�

(v)
For

K( K ;
�2

,if
K�

K ;

,then. K ;/ �. K/
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A
G

M
M

axich
o

ice
C

o
n

tractio
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[K
]

56

[    φ]
¬
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A
G

M
F

u
llM

eet
C

o
n

tractio
n

[K
]

56

[    φ]
¬
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S
O

S

<

E
E

(G
ärdenfors

1988)

C
an

translate
back

and
forth

from
a

System
s

ofSpheres0

and
an

epistem
ic

entranchm
entrelation#

using
the

follow
ing

condition:

φ#

ψ
iff

c1� �φ� �

c1� �ψ�
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S
u

m
m

ary

�

Postulates
for

A
G

M
belief

revision

�

R
evision

can
be

m
otivated

separately
orvia

contraction
using

the
L

evi
Identity

(can
you

visualise
the

L
eviIdentity

using
system

ofspheres?)

�

W
e

now
have

tw
o

further
constructions:

=

C
onstruction

in
term

s
of

ordering
over

form
ulae

=

C
onstruction

in
term

s
of

ordering
over

possible
w

orlds

�

B
oth

provide
further

insightinto
the

belief
change

process
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A
reas

o
f

S
tu

dy
in

B
elief

C
h

an
g

e

�

B
elief

bases
and

com
putationalapproaches

�
C

oherence
(how

do
beliefs

‘cohere’)

�
C

ontraction
proposals

�
Iterated

revision
�

R
elationships

betw
een

belief
change,

nonm
onotonic

reasoning,
conditionals,rationalchoice,...

�

N
on-prioritised

belief
change

�

A
bductive

belief
change

�

R
easoning

aboutaction
and

belief
change

�

D
ealing

w
ith

uncertainty
(Spohn,B

ayesian
netw

orks,...)
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B
elief

C
h

an
g

e
S

u
m

m
ary

�

M
any

belief
change

areas
stillto

explore

�

C
an

have
richer

structure
than

A
G

M
(e.g.,

Spohn,probabilistic
approaches)

�

H
ow

practicalis
itto

im
plem

entbelief
change?

(To
use?)

�

M
any

interconnections
w

ith
other

areas
in

reasoning
(as

w
e

shallsee)

�

B
elief

change
provides

butone
w

ay
of

view
ing

reasoning;w
e

shall
see

others
in

the
subsequentlectures

c�

Sam
ir

C
hopra

and
M

aurice
Pagnucco,2000

G
enerated:

22
Septem

ber
2000


