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K
B

S
P

lanning
in

G
eneral

R
em

in
d

er:
W

h
at

is
P

lan
n

in
g

?

�

S
tarting

from
a

situation

�

Try
to

reach
a

goal

�

B
y

executing
som

e
actions

G
iven

the
initialsituation,a

goal,and
a

dom
ain

description,choose
the

actions
such

thatthe
goalis

achieved.
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�
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�
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K
B

S
P

lanning
in

G
eneral

P
lan

n
in

g
–

E
xam

p
le

�

Iam
atFavoritenstraß

e
at8:30

�

A
nd

have
to

give
a

lecture
atG

usshausstraß
e

at9:00

�

Ican
pack

m
y

lecture
m

aterialin
a

bag,exitFavoritenstraß
e,w

alk
to

G
usshausstraß

e
in

order
to

achieve
the

goal.

O
bviously,there

could
also

be
other

plans
(e.g.going

by
bike

ifone
is

available
to

m
e),taking

a
taxi,etc.

N
ote

also
thatthe

plan
need

notalw
ays

w
ork

(e.g.forgotthe
lecture

m
aterial

athom
e,G

usshausstraß
e

is
locked,etc.)
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K
B

S
P

lanning
in

G
eneral

P
lan

n
in

g
–

H
ow

to
fo

rm
alize?

W
e

can
identify

3
m

ain
elem

ents:

�

S
tatic

statem
ents

“Iam
atFavoritenstraß

e.”

�

F
luents

�

A
ction

statem
ents

“W
alk

to
G

usshausstraß
e.”

�

A
ctions

�

T
im

e-Independentstatem
ents

“Favoritenstraß
e

is
a

location.”

�

B
ackground

K
now

ledge
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�
�
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�

K
B

S
P

lanning
in

G
eneral

P
lan

n
in

g
–

H
ow

to
fo

rm
alize?

O
bservations:

1.
In

general,actions
need

preconditions.

2.
A

ctions
usually

have
effects.

3.
O

ften,fluents
rem

ain
true

w
hen

unaffected
by

actions.

4.
S

om
etim

es
fluents

depend
(only)

on
other

fluents.
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�
�
�
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�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
P

lanning
in

G
eneral

P
lan

n
in

g
–

H
ow

to
fo

rm
alize?

E
xam

ples
for

observations:

1.
P

reconditions:
E

.g.Ican
leave

Favoritenstraß
e

only
ifIam

currently
at

Favoritenstraß
e.

2.
E

ffects:
E

.g.entering
G

usshausstraß
e

has
the

effectofm
e

being
there.

3.
E

.g.ifIam
atFavoritenstraß

e
and

pack
m

y
lecture

m
aterialin

a
bag,Iam

stillatFavoritenstraß
e

afterw
ards.

4.
IfIam

in
E

I5,Iam
atG

usshausstraß
e.
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�
�
�
�
�

K
B

S
P

lanning
in

G
eneral

P
lan

n
in

g
–

H
ow

to
fo

rm
alize?

Term
s

for
these

observations:

1.
Q

ualification
P

roblem

2.
E

ffects
(only

focus
for

a
long

tim
e)

3.
Fram

e
P

roblem
,Inertia

4.
R

am
ification

P
roblem

,IndirectE
ffects
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�
�
�
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�
�
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�

�
�
�
�
�
�
�
�
�
�

K
B

S
B

locksw
orld

E
xam

p
le:

B
lo

cksw
o

rld

initial:

b
ca

cba

goal:

O
ne

clear
block

can
be

m
oved

to
a

clear
block

or
the

table
ata

tim
e.
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K
B

S
B

locksw
orld

B
lo

cksw
o

rld
:

B
ackg

ro
u

n
d

K
n

ow
led

g
e

initial:

b
ca

cba

goal:

�

B
lock

nam
es:

� ,�

,

�

are
blocks.

�

Location
nam

es:

�
�� �
�

is
a

location.

A
llblocks

are
also

locations.
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�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
B

locksw
orld

B
lo

cksw
o

rld
:

F
lu

en
ts

an
d

A
ctio

n
s

initial:

b
ca

cba

goal:

F
lu

en
ts:

on(B
,L)

(block
B

is
on

top
oflocation

L)

occupied(B
)

(som
ething

is
on

top
ofblock

B
)

clear(B
)

(nothing
is

on
top

ofblock
B

)

supported(B
)

(B
does

not“float”)

A
ctio

n
s:

m
ove(B

,L)
(m

ove
block

B
to

location
L).
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�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
B

locksw
orld

B
lo

cksw
o

rld
:

In
itialS

tate,G
o

al,D
o

m
ain

D
escrip

tio
n

initial:

b
ca

cba

goal:

In
itialstate:

on(b,table),
on(c,a),

on(a,table).

G
o

al:
on(c,b),

on(b,a),
on(a,table).

S
ystem

D
escrip

tio
n

:
source

and
destination

locations
m

ustbe
clear,

no
concurrentactions,....
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�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
Language

�

–
A

L
o

g
ic-B

ased
A

ctio
n

L
an

g
u

ag
e

�

A
ction

and
F

luentD
eclarations

�

A
ction

C
osts

�

C
ausation

R
ules

�

N
onm

onotonic
N

egation,S
trong

N
egation

�

C
onditionalE

xecutability

�

InitialS
tate

C
onstraints,G

oal

�

Inertia
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����������

����������

����������

����������

����������

����������

����������

K
B

S
B

ackground
K

now
ledge

L
an

g
u

ag
e

:
B

ackg
ro

u
n

d
K

n
ow

led
g

e

W
e

assum
e

thatan
A

nsw
er

S
etP

rogram
(the

background
know

ledge)
exists,

w
hich

adm
its

exactly
one

answ
er

set(and
is

com
putable

in
polynom

ialtim
e).

In
the

blocksw
orld

exam
ple,itis

b
l
o
c
k
(
a
)
.

b
l
o
c
k
(
b
)
.

b
l
o
c
k
(
c
)
.

l
o
c
a
t
i
o
n
(
t
a
b
l
e
)
.

l
o
c
a
t
i
o
n
(
L
)

:
-
b
l
o
c
k
(
L
)
.

Itadm
its

one
answ

er
set:

� b
l
o
c
k
(
a
)
,

b
l
o
c
k
(
b
)
,

b
l
o
c
k
(
c
)
,

l
o
c
a
t
i
o
n
(
t
a
b
l
e
)
,

l
o
c
a
t
i
o
n
(
a
)
,

l
o
c
a
t
i
o
n
(
b
)
,

l
o
c
a
t
i
o
n
(
c
)

�
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�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
Type

D
eclarations

L
an

g
u

ag
e

:
Typ

e
D

eclaratio
n

s

S
pecify

the
ranges

ofthe
argum

ents
ofthe

fluents
and

actions,using
the

background
know

ledge.

F
or

fluents
o
n

and
o
c
c
u
p
i
e
d

:

o
n
(
B
,
L
)
r
e
q
u
i
r
e
s

b
l
o
c
k
(
B
)
,

l
o
c
a
t
i
o
n
(
L
)
.

o
c
c
u
p
i
e
d
(
B
)

r
e
q
u
i
r
e
s

b
l
o
c
k
(
B
)
.

F
or

action
m
o
v
e

:

m
o
v
e
(
B
,
L
)

r
e
q
u
i
r
e
s

b
l
o
c
k
(
B
)
,

l
o
c
a
t
i
o
n
(
L
)
.
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�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
A

ction
C

osts

A
ctio

n
C

o
sts

Itis
possible

to
associate

costs
to

actions.

E
.g.ifm

oving
costs

five
resources:

m
o
v
e
(
B
,
L
)

r
e
q
u
i
r
e
s

b
l
o
c
k
(
B
)
,

l
o
c
a
t
i
o
n
(
L
)

c
o
s
t
s

5
.
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�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
C

ausation
R

ules

L
an

g
u

ag
e

:
C

au
satio

n
R

u
les

C
ausation

rules
can

be
used

to
m

odelaction
effects.

M
oving

a
block

to
a

location
L

causes
the

block
to

be
on
L

afterw
ards:

c
a
u
s
e
d

o
n
(
B
,
L
)

a
f
t
e
r
m
o
v
e
(
B
,
L
)
.

M
oving

a
block

to
a

location
L

causes
the

block
to

be
noton

any
other

location
L
1

afterw
ards:

c
a
u
s
e
d

-
o
n
(
B
,
L
1
)

a
f
t
e
r

m
o
v
e
(
B
,
L
)
,

L
<
>
L
1
.

16



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
C

ausation
R

ules

L
an

g
u

ag
e

:
C

au
satio

n
R

u
les

C
ausation

rules
can

m
odelindirecteffects

(solving
the

ram
ification

problem
).

Ifsom
e

block
B
1

is
on

a
block

B
,then

B
is

occupied
in

the
sam

e
m

om
ent:

c
a
u
s
e
d

o
c
c
u
p
i
e
d
(
B
)

i
f

o
n
(
B
1
,
B
)
.

A
block

B
is

clear
ifitis

notoccupied:

c
a
u
s
e
d

c
l
e
a
r
(
B
)

i
f
n
o
t
o
c
c
u
p
i
e
d
(
B
)
.

O
ne

causation
rule

can
also

have
both

i
f

and
a
f
t
e
r

conditions.

17
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����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

����������

K
B

S
N

egation

L
an

g
u

ag
e

:
N

eg
atio

n

D
efau

lt
n

eg
atio

n
(�

�� )

c
a
u
s
e
d

c
l
e
a
r
(
B
)

i
f
n
o
t
o
c
c
u
p
i
e
d
(
B
)
.

S
tro

n
g

n
eg

atio
n

(-
)

c
a
u
s
e
d

-
o
n
(
B
,
L
)

a
f
t
e
r

m
o
v
e
(
B
,
L
1
)
,

L
<
>
L
1
.

D
ifference

betw
een

defaultnegation
and

strong
negation:

D
efaultnegation:

�
��

�

holds
if

�

is
notknow

n

S
trong

negation:

�
�

holds
only

if

�
�

is
know

n
explicitly

18
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����������K

B
S

Transitions

S
em

an
tics:

Tran
sitio

n
s

caused
fl 

if
C

ond1
after

C
ond2

A
1

s
s

0

��

and

��

are
states, �

a
setofactions.

“E
xecuting �

after
state

��

takes
you

to�� .”

� �
�	



refers
to

��

and�

,w
hile��

and
� �
�	

refer
to

�� .

V
alid

transitions
satisfy

allcausation
rules.
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�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
Transitions

W
h

at
is

a
S

tate?

C
onsistentsets

ofF
luentliterals

�

F
luents

w
hich

are
know

n
to

hold
(positive

literals)

�

F
luents

w
hich

are
know

n
notto

hold
(strongly

negative
literals)

f
−f

f
g

f
−g

−f
g

−f −g
g

−g

co
n

sisten
t in

terp
retatio

n
s

fo
r ato

m
s f an

d
 g

20
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�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
C

onstraints

C
o

n
strain

ts

C
onstraints

are
specialcausation

rules:

f
o
r
b
i
d
d
e
n

a
a
f
t
e
r

b
.

A
ny

state
satisfying

a
a
f
t
e
r
b

is
illegal.

C
an

also
be

w
ritten

as

c
a
u
s
e
d

f
a
l
s
e

i
f
a
a
f
t
e
r

b
.
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�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
E

xecutability

E
xecu

tab
ility

E
xpress

preconditions
actions

(solving
the

qualification
problem

).

m
o
v
e

is
executable

ifneither
the

m
oved

block
B

nor
the

destination
L

is

occupied,and
if B

and
L

differ.

e
x
e
c
u
t
a
b
l
e

m
o
v
e
(
B
,
L
)

i
f
n
o
t

o
c
c
u
p
i
e
d
(
B
)
,

n
o
t
o
c
c
u
p
i
e
d
(
L
)
,

B
<
>
L
.

A
n

executability
condition

can
have

both
i
f

and
a
f
t
e
r

conditions.
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����������
����������

����������
����������

����������
����������
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����������
����������

����������
����������

����������
����������

����������
����������

����������
����������

K
B

S
E

xecutability

N
o

n
execu

tab
ility

S
pecify

conditions
under

w
hich

an
action

is
not

executable.

�
�

�
�

�
�
��
�
�� �
�

takes
precedence

over

�
�

�
��
�
�� �
�

!

e
x
e
c
u
t
a
b
l
e

m
o
v
e
(
B
,
L
)
.

n
o
n
e
x
e
c
u
t
a
b
l
e

m
o
v
e
(
B
,
L
)

i
f

o
c
c
u
p
i
e
d
(
B
)
.

n
o
n
e
x
e
c
u
t
a
b
l
e

m
o
v
e
(
B
,
L
)

i
f

o
c
c
u
p
i
e
d
(
L
)
.

n
o
n
e
x
e
c
u
t
a
b
l
e

m
o
v
e
(
B
,
L
)

i
f
B
<
>

L
.
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�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�

K
B

S
InitialS

tate

In
itialS

tate
C

o
n

strain
ts

To
specify

valid
initialstates,the

scope
ofcausation

rules
can

be
setto

apply

only
to

the
initialstate.

T
hese

rules
cannothave

an
a
f
t
e
r

condition!

T
hey

are
grouped

into
a

block
preceded

by
i
n
i
t
i
a
l
l
y
:

,w
hile

causation

rules
applying

to
allstates

are
gruped

into
a

block
preceded

by
a
l
w
a
y
s
:

.

i
n
i
t
i
a
l
l
y
:

f
o
r
b
i
d
d
e
n

b
l
o
c
k
(
B
)
,

n
o
t

s
u
p
p
o
r
t
e
d
(
B
)
.
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o
c
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b
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b
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s
e
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p
i
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B
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u
s
e
d
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o
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e
d
-
o
n
(
B
,
L
1
)
a
f
t
e
r
m
o
v
e
(
B
,
L
)
,
o
n
(
B
,
L
1
)
,
L
<
>
L
1
.

n
o
C
o
n
c
u
r
r
e
n
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