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p
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d
u
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n
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R

easo
n
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g

A
b

o
u

t
A
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R
easo

n
in

g
A

b
o

u
t

A
ctio

n

�

M
any

ofthe
environm

ents
aboutw

hich
w

e
w

ish
to

reason
are

dynam
ic

in
nature

�

T
hatis,they

are
constantly

changing
due

to
the

perform
ing

of
actions

�

For
exam

ple,consider
a

robotw
hose

job
itis

to
deliver

packages
in

an
office

environm
ent

�

In
this

lecture
w

e
shallconsider

som
e

of
the

issues
thatarise

w
hen

representing
and

reasoning
abouta

changing
w

orld

�

Itturns
outthatthe

techniques
w

e
have

discussed
in

previous
lectures

can
be

used
to

attack
the

problem
s

thatarise
butw

e
do

nothave
the

tim
e

to
investigate

these
issues

in
any

greatdepth
here
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O
verview

�

R
easoning

A
boutA

ction

�

Situation
C

alculus

�

States/Situations

�
D

om
ain

C
onstraints

�
A

ctions
�

T
he

Fram
e

Problem

�

Sum
m

ary

�

M
orals

�

W
here

to
next?
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R
easo

n
in

g
A

b
o

u
t

A
ctio

n
�

O
ne

m
ethod

to
reason

aboutaction
is

to
sim

ply
change

the
agent’s

know
ledge

base

�

E
rase

som
e

sentence(s)thatshould
no

longerbe
true

and
add

sentences
thatw

illnow
be

true
(i.e.,after

perform
ing

action)

�

H
ow

ever,w
e

can
only

answ
er

questions
aboutthe

currentstate

�

Itw
illnotbe

possible
to

reason
aboutpastor

future
states

�

O
n

the
other

hand,if
allw

e
w

antto
do

is
reason

aboutw
hich

actions
to

perform
,this

m
ay

be
a

viable
approach

(m
ay

return
to

this
later)
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S
itu

atio
n

C
alcu

lu
s

�

T
he

situation
calculus

is
a

w
ay

of
describing

change
in

first-order
predicate

calculus

�

Situation/State
—

a
snapshotof

the
w

orld
ata

particular
pointin

tim
e

�

A
spects

w
e

need
to

consider:

�

T
he

state
of

the
w

orld

�

A
ctions

that
change

state
of

the
w

orld
and

w
hat

changes
they

effect

�

C
onstraints

on
legalscenarios

�

C
an

you
think

of
anything

else?
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T
h

e
B

lo
cks

W
o

rld

W
e

shallconsiderone
ofthe

m
ore

fam
ous

A
Idom

ains
—

the
blocks

w
orld

In
the

blocks
w

orld
w

e
have

blocks
thatcan

be
placed

on
the

table
and

can
be

stacked
on

each
other

� �

�

��
��
�
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S
tate

o
f

th
e

W
o

rld

�

State
—

description
of

w
hatholds

(is
true)

in
the

w
orld

ata
particular

pointin
tim

e

�
Situation

—
state

+
tim

e
(includes

history)

�
M

ethod
1:

on� C�

A�

S
1�

on� A�
T

able� S
1�

on� B�
T

able� S
1�

clear� B�
S

1�
clear� C�

S
1�

�

Initialsituation:
S

0 /init

N
ote:

w
e

reify
states

(i.e.,m
ake

them
entities

in
our

form
alisation)
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S
tate

o
f

th
e

W
o

rld
�

T
here

are
of

course
other

w
ays

to
form

alise
this

scenario

�

A
nother

com
m

on
w

ay
using

the
situation

calculus
is

as
follow

s

�

M
ethod

2:

holds� on� C�
A� �

S
1�

holds� on� A�

T
able� � S

1�
holds� on� B�

T
able� � S

1�
holds� clear� B� �

S
1�

holds� clear� C� �

S
1�
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D
o

m
ain

C
o

n
strain

ts

�

A
lso

know
n

as
state

constraints

�

T
rue

atall
(legal)

states
even

though
they

involve
state-dependent

relationsx
is

on
the

table
iff

itis
noton

top
of

another
block

�

x� �

y� �

s� on� x�

T
able� s�  

!" y� on� x�

y�

s� #

y$ %

T
able��

x
is

clear
iff

there
is

no
block

on
top

of
it

�

x� �

s� clear� x�

s�  
!"y

on� y�

x�

s��

If
y

is
a

block
and

there
is

another
block

on
it,then

y
is

notclear

�

x� �

y� �

s� on� x� y�

s� #
!� y %

T
able� &

!

clear� y�

s��

etc.
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A
ctio

n
s

do� A� '''� �

S�

—
“D

o
action

A
in

situation
S”

�

In
fact,do

is
a

function
returning

a
situation

w
hich

is
the

resultof
perform

ing
(doing)

action
A

in
situation

S
(if

thatis
possible)

�

For
exam

ple,“m
ove

block
x

from
y

to
z”

and
“clear

x”

�

W
e

w
illneed

to
specify

w
hateach

action
does

to
the

w
orld

�

Positive
effectaxiom

for
on

�

x� �

y� �

z� �

s� on� x�

y�

s� #

clear� x�

s� #

clear� z�

s� #
� x$ %

z� &

on� x� z�

do� m
ove� x�

y�

z� �

s���

�

N
egative

effectaxiom
for

on

�

x� �

y� �

z� �

s� on� x�

y�

s� #

clear� x�

s� #

clear� z�

s� #
� x$ %

z� &

!

on� x� y�

do� m
ove� x�

y�

z� �

s���
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E
ffect

A
xio

m
s

fo
r

clear

�

Positive
effectaxiom

for
clear

�

x� �

y� �

z� �

s� on� x�

y�

s� #

clear� x�

s� #

clear� z�

s� #
� x$ %

z� #
� y$ %

z� &

clear� y�

do� m
ove� x�

y� z� �

s���

�
N

egative
effectaxiom

for
clear

�
x� �

y� �

z� �

s� on� x� y�

s� #

clear� x�

s� #

clear� z�

s� #
� x$ %

z� #
� z$ %

T
able� &

!

clear� z�

do� m
ove� x�

y�

z� �

s���

�

W
e

need
positive

and
negative

effectaxiom
sforevery

fluent(predicate
thatcan

change
value)

�

H
ow

m
any

such
axiom

s
do

you
need

to
specify?!
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T
h

e
F

ram
e

P
ro

b
lem

�

A
ction

descriptions
are

notcom
plete:

�

T
hey

describe
w

hatchanges

�

T
hey

do
not

specify
w

hatstays
the

sam
e

�

T
he

(fam
ous)

Fram
e

Problem
:

T
he

problem
of

characterising
those

aspects
of

the
state

description
thatare

notchanged
by

an
action

�

O
ne

solution
—

Fram
e

A
xiom

s

� on� x�

y� s� #
� x$ %

u�� &

on� x� y�
do� m

ove� u�

v� z� �

s��

� !

on� x� y� s� #
�� x$ %

u� (
� y$ %

z��� &
!

on� x� y� do� m
ove� u� v� z� � s��

� clear� u�

s� #
� u$ %

z�� &

clear� u�

do� m
ove� x�

y� z� �

s��

� !

clear� u�

s� #
� u$ %

y�� &
!

clear� u�

do� m
ove� x�

y�

z� � s��
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R
am

ifi
catio

n
P

ro
b

lem

�

W
hatare

the
ram

ifications
(directand

indirecteffects)
of

perform
ing

an
action

!

clear� b�

do� m
ove� c�

a�

b� �

S
0��

�

R
ecentapproaches

have
investigated

the
use

of
explicitnotions

of
causality

in
an

attem
ptto

solve
this

problem
efficiently

Q
u

alifi
catio

n
P

ro
b

lem

�

W
hat

qualifications
(preconditions)

do
w

e
require

in
specifying

actions
and

their
effects

�

T
rying

to
specify

exactly
under

w
hich

conditions
an

action
has

a
particular

effectis
very

difficult(in
principle,the

listof
preconditions

can
be

vast)
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R
easo

n
in

g
w

ith
th

e
S

itu
atio

n
C

alcu
lu

s

�

If
w

e
w

ould
like

to
determ

ine
a

plan
to

achieve
goalΓ� s� ,

prove

"sΓ� s�
�

G
oal: !

on� B� T
able� s�

�

G
iven:

on� B�

A� S
0�

on� A� C�

S
0�

on� C�

T
able� S

0�

clear� B�

S
0�

clear� T
able�

S
0�

� on� x� y� s� #

clear� x� s� #

clear� z� s� #
� x$ %

z�� &

on� x� z� do� m
ove� x� y� z� � s

�

(A
lso

require
unique

nam
es

axiom
s,equality

axiom
s:� A

%

A� ,

!� A

%

B� ,etc.,etc.)

�

O
btain:

s %

do� m
ove� B�

A� T
able� � S

0��
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S
u

m
m

ary

�

R
easoning

about
actions

is
a

very
interesting

area
of

artificial
intelligence

and
often

m
akes

use
of

belief
change

and
nonm

onotonic
reasoning

techniques

�
W

e
have

seen
thata

num
ber

of
challenging

problem
s

arise
thatw

e
m

ustdealw
ith

in
order

to
reason

effectively
�

O
ne

of
the

problem
s,how

ever,is
the

possible
proliferation

of
axiom

s

�

T
he

search
continues

for
a

concise
solution

to
the

fram
e

problem
(and

associated
problem

s)

�

O
ther

form
alism

s
include

the
eventcalculus,)

languages,features
and

fluents,fluentcalculus

�

C
urrentresearch:

causalapproaches,cognitive
robotics,planning

(an
area

in
its

ow
n

right)
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S
o

m
e

M
o

rals?
�

T
he

w
ay

you
use

a
logic

is
im

portant.
Itcan

lead
to

m
ore

com
plex

behaviour
(for

exam
ple,A

G
M

belief
change,predicate

com
pletion,

etc.)

�

Structure
is

im
portant(for

exam
ple,epistem

ic
entrenchm

ent,system
s

of
spheres,etc.).
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W
h

ere
to

N
ext?

�

B
elief

C
hange

�

C
arlos

E
.A

lchourrón,PeterG
ärdenfors,and

D
avid

M
akinson.

O
n

the
logic

of
theory

change:
Partialm

eetcontraction
and

revision
functions.

JournalofSym
bolic

L
ogic,50:510–530,1985.

O
riginal

(joint)
paper

on
A

G
M

fram
ew

ork.

�

Peter
G

ärdenfors
and

D
avid

M
akinson.

R
evisions

of
know

ledge
system

s
using

epistem
ic

entrenchm
ent.

In
P

roceedings
of

the
Second

C
onference

on
T

heoretical
A

spect
of

R
easoning

A
bout

K
now

ledge,
pages

83–96,1988.
O

riginalpaper
on

epistem
ic

entrenchm
entconstruction

for
A

G
M

belief
change

operators.

�

Peter
G

ärdenfors.
T

he
dynam

ics
of

belief
system

s:
Foundations

vs.
coherence

theories.
R

evue
Internationale

de
P

hilosophie,
44:24–46,1990.

G
ood

brief
introduction

to
som

e
of

the
m

ain
ideas

underlying
the

A
G

M
approach.
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�

Peter
G

ärdenfors.
B

eliefR
evision.

C
am

bridge
U

niversity
Press,

1992.
E

dited
collection

of
papers

on
belief

change.
Includes

a
brief

sum
m

ary
paper

by
G

ärdenfors
on

the
A

G
M

approach.

�

Peter
G

ärdenfors
and

D
avid

M
akinson.

N
onm

onotonic
inference

based
on

expectations.
A

rtificialIntelligence,65:197–245,1994.
D

escribes
link

betw
een

A
G

M
and

(form
al)w

ork
on

nonm
onotonic

logics.

�

Peter
G

ärdenfors
and

H
ans

R
ott.

B
elief

revision.
In

D
ov

M
.

G
abbay,

C
hristopher

J.
H

ogger,
and

John
A

.R
obinson,edi-

tors,
H

andbook
of

L
ogic

in
A

rtificial
Intelligence

and
L

ogic
P

rogram
m

ing
Volum

e
IV:

E
pistem

ic
and

Tem
poralR

easoning,
pages

35–132.
O

xford
U

niversity
Press,1995.

M
ore

up-to-date
sum

m
ary

of
A

G
M

approach
w

ith
an

em
phasis

on
belief

base
approaches.

�

A
dam

G
rove.

Tw
o

m
odellings

for
theory

change.
Journal

of
P

hilosophicalL
ogic,17:157–170,1988.

O
riginalpaperon

system
of

spheres
construction

for
A

G
M

belief
change

operators.

�

Sven
O

ve
H

ansson.
A

textbook
of

belief
dynam

ics:
T

heory

L
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change
and

database
updating.

K
luw

er,1999.
D

estined
to

becom
e

the
new

reference
on

A
G

M
-style

belief
change.

�

G
ilbertH

.H
arm

an.
C

hange
in

View
:

P
rinciples

of
R

easoning.
M

IT
Press,1986.

Philosphicalw
ork

discussing
issues

in
belief

change.

�

H
irofum

iK
atsuno

and
A

lberto
O

.M
endelzon.

O
n

the
difference

betw
een

updating
a

know
ledge

base
and

revising
it.

In
Peter

G
ärdenfors,editor,B

eliefR
evision,pages

183–203.
C

am
bridge

U
niversity

Press,1992.
A

prelim
inary

version
of

a
paper

bearing
the

sam
e

title
appearing

in
Jam

es
A

llen,R
ichard

Fikes
and

E
rik

Sandew
all(editors),P

rinciples
ofK

now
ledge

R
epresentation

and
R

easoning:
P

roceedings
ofthe

Second
InternationalC

onference,
M

organ
K

aufm
ann,C

A
,pp.

387-394,1991.
O

riginalpaper
on

belief
update.

�

S.K
raus,D

.L
ehm

ann,and
M

.M
agidor.N

onm
onotonic

reasoning,
preferentialm

odels
and

cum
ulative

logics.
A
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