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W
hatis

P
racticalR

easoning?
•

P
racticalreasoning

is
reasoning

directed
tow

ards
actions

—
the

process
offiguring

outw
hatto

do:

P
racticalreasoning

is
a

m
atter

ofw
eighing

conflicting
considerations

for
and

against
com

peting
options,w

here
the

relevant
considerations

are
provided

by
w

hatthe
agent

desires/values/cares
aboutand

w
hatthe

agent
believes.

(B
ratm

an)

•
D

istinguish
practicalreasoning

from
theoretical

reasoning .
T

heoreticalreasoning
is

directed
tow

ards
beliefs.
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T
he

C
om

ponents
ofP

racticalR
easoning

•
H

um
an

practicalreasoning
consists

oftw
o

activities:

–
deliberation
deciding

w
hatstate

ofaffairs
w

e
w

antto
achieve

—
the

outputs
ofdeliberation

are
intentions;

–
m

eans-ends
reasoning

deciding
how

to
achieve

these
states

ofaffairs
—

the
outputs

ofm
eans-ends

reasoning
are

plans.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
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/
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Intentions
in

P
racticalR

easoning

1.Intentions
pose

problem
s

for
agents,w

ho
need

to
determ

ine
w

ays
ofachieving

them
.

IfIhave
an

intention
to
φ

,you
w

ould
expectm

e
to

devote
resources

to
deciding

how
to

bring
about

φ
.

2.Intentions
provide

a
“filter”

for
adopting

other
intentions,w

hich
m

ustnotconflict.
IfIhave

an
intention

to
φ

,you
w

ould
notexpectm

e
to

adoptan
intention

ψ
thatw

as
incom

patible
w

ith
φ

.
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t
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w
w
.
c
s
c
.
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3.A
gents

track
the

success
oftheir

intentions,and
are

inclined
to

try
again

iftheir
attem

pts
fail.

Ifan
agent’s

firstattem
ptto

achieve
φ

fails,then
all

other
things

being
equal,itw

illtry
an

alternative
plan

to
achieve

φ
.

4.A
gents

believe
their

intentions
are

possible.
T

hatis,they
believe

there
is

atleastsom
e

w
ay

that
the

intentions
could

be
broughtabout.
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5.A
gents

do
notbelieve

they
w

illnotbring
abouttheir

intentions.
Itw

ould
notbe

rationalofm
e

to
adoptan

intention
to

φ
ifIbelieved

Iw
ould

failw
ith

φ
.

6.U
nder

certain
circum

stances,agents
believe

they
w

ill
bring

abouttheir
intentions.

IfIintend
φ

,then
Ibelieve

thatunder
“norm

al
circum

stances”
Iw

illsucceed
w

ith
φ

.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
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j
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7.A
gents

need
notintend

allthe
expected

side
effects

of
their

intentions.
IfIbelieve

φ
⇒

ψ
and

Iintend
that

φ
,Ido

not
necessarily

intend
ψ

also.
(Intentions

are
notclosed

under
im

plication.)
T

his
lastproblem

is
know

n
as

the
side

effector
package

dealproblem
.

Im
ay

believe
thatgoing

to
the

dentistinvolves
pain,

and
Im

ay
also

intend
to

go
to

the
dentist—

butthis
does

notim
ply

thatIintend
to

suffer
pain!

h
t
t
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w
w
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i
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Intentions
are

S
tronger

than
D

esires

M
y

desire
to

play
basketballthis

afternoon
is

m
erely

a
potentialinfluencer

ofm
y

conductthis
afternoon.

Itm
ustvie

w
ith

m
y

other
relevant

desires
[...]

before
itis

settled
w

hatIw
illdo.

In
contrast,once

Iintend
to

play
basketballthis

afternoon,the
m

atter
is

settled:
Inorm

ally
need

notcontinue
to

w
eigh

the
pros

and
cons.

W
hen

the
afternoon

arrives,Iw
illnorm

ally
justproceed

to
execute

m
y

intentions.
(B

ratm
an,1990)
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M
eans-ends

R
easoning/P

lanning

•
P

lanning
is

the
design

ofa
course

ofaction
thatw

ill
achieve

som
e

desired
goal.

•
B

asic
idea

is
to

give
a

planning
system

:

–
(representation

of)
goal/intention

to
achieve;

–
(representation

of)
actions

itcan
perform

;and
–

(representation
of)

the
environm

ent;

and
have

itgenerate
a

plan
to

achieve
the

goal.

•
T

his
is

autom
atic

program
m

ing.
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plan to achieve goal

planner

state of 
environm

ent
task
intention/
goal/

possible actions
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R
epresentations

•
Q

uestion:
H

ow
do

w
e

represent...

–
goalto

be
achieved;

–
state

ofenvironm
ent;

–
actions

available
to

agent;
–

plan
itself.

h
t
t
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w
w
.
c
s
c
.
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i
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•
W

e’llillustrate
the

techniques
w

ith
reference

to
the

blocks
w

orld.

•
C

ontains
a

robotarm
,2

blocks
(A

and
B

)
ofequal

size,and
a

table-top.

h
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•
To

representthis
environm

ent,need
an

ontology.

O
n(x,y)

objx
on

top
ofobjy

O
nTable(x)

objx
is

on
the

table
C

lear(x)
nothing

is
on

top
ofobjx

H
olding(x)

arm
is

holding
x

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
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/
p
u
b
s
/
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•
H

ere
is

a
representation

ofthe
blocks

w
orld

described
above:

C
lear(A

)
O

n(A
,B

)
O

nTable(B
)

O
nTable(C

)

•
U

se
the

closed
w

orld
assum

ption:
anything

notstated
is

assum
ed

to
be

false.
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•
A

goalis
represented

as
a

setofform
ulae.

•
H

ere
is

a
goal:

{O
nTable(A

),
O

nTable(B
),

O
nTable(C

)}

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
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c
.
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/
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A
ctions

in
the

S
T

R
IP

S
R

epresentatopn

E
ach

action
has:

•
a

nam
e

–
w

hich
m

ay
have

argum
ents;

•
a

pre-condition
list–

listoffacts
w

hich
m

ustbe
true

for
action

to
be

executed;

•
a

delete
list–

listoffacts
thatare

no
longer

true
after

action
is

perform
ed;

•
an

add
list

–
listoffacts

m
ade

true
by

executing
the

action.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
E

xam
ple

1:
T

he
stack

action
occurs

w
hen

the
robotarm

places
the

object
x

itis
holding

is
placed

on
top

ofobject
y.

Stack(x,y)
pre

C
lear(y)

∧
H

olding(x)
del

C
lear(y)

∧
H

olding(x)
add

A
rm

E
m

pty
∧

O
n(x,y)

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
E

xam
ple

2:
T

he
unstack

action
occurs

w
hen

the
robotarm

picks
an

object
x

up
from

on
top

ofanother
object

y.

U
nStack(x,y)

pre
O

n(x,y)
∧

C
lear(x)

∧
A

rm
E

m
pty

del
O

n(x,y)
∧

A
rm

E
m

pty
add

H
olding(x)

∧
C

lear(y)

S
tack

and
U

nS
tack

are
inverses

ofone-another.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
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/
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•
E

xam
ple

3:
T

he
pickup

action
occurs

w
hen

the
arm

picks
up

an
object

x
from

the
table.

P
ickup(x)

pre
C

lear(x)
∧

O
nTable(x)

∧
A

rm
E

m
pty

del
O

nTable(x)
∧

A
rm

E
m

pty
add

H
olding(x)

h
t
t
p
:
/
/
w
w
w
.
c
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c
.
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i
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.
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.
u
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•
E

xam
ple

4:
T

he
putdow

n
action

occurs
w

hen
the

arm
places

the
object

x
onto

the
table.

P
utD

ow
n(x)

pre
H

olding(x)
del

H
olding(x)

add
H

olding(x)
∧

A
rm

E
m

pty

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
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/
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•
W

hatis
a

plan?
A

sequence
(list)

ofactions,w
ith

variables
replaced

by
constants.

h
t
t
p
:
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w
w
.
c
s
c
.
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Im
plem

enting
P

racticalR
easoning

A
gents

•
A

firstpass
atan

im
plem

entation
ofa

practical
reasoning

agent:

1
.

w
h
i
l
e
t
r
u
e

2
.

o
b
s
e
r
v
e
t
h
e
w
o
r
l
d
;

3
.

u
p
d
a
t
e
i
n
t
e
r
n
a
l
w
o
r
l
d
m
o
d
e
l
;

4
.

d
e
l
i
b
e
r
a
t
e
a
b
o
u
t
w
h
a
t
i
n
t
e
n
t
i
o
n

t
o
a
c
h
i
e
v
e
n
e
x
t
;

5
.

u
s
e
m
e
a
n
s
-
e
n
d
s
r
e
a
s
o
n
i
n
g
t
o
g
e
t

a
p
l
a
n
f
o
r
t
h
e
i
n
t
e
n
t
i
o
n
;

6
.

e
x
e
c
u
t
e
t
h
e
p
l
a
n

7
.

e
n
d
w
h
i
l
e

•
(W

e
w

illnotbe
concerned

w
ith

stages
(2)

or
(3).)

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
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c
.
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k
/
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/
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•
P

roblem
:

deliberation
and

m
eans-ends

reasoning
processes

are
notinstantaneous.

•
T

hey
have

a
tim

e
cost.

•
B

utthe
w

orld
m

ay
change.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
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/
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•
Let’s

m
ake

the
algorithm

m
ore

form
al.

1
.

B
:=

B
0 ;

/
*

i
n
i
t
i
a
l
b
e
l
i
e
f
s

*
/

2
.

w
h
i
l
e

t
r
u
e
d
o

3
.

g
e
t

n
e
x
t
p
e
r
c
e
p
t
ρ;

4
.

B
:=

brf(B
,ρ

);
5
.

I
:=

deliberate(B
);

6
.

π
:=

plan(B
,I);

7
.

execute(π
)

8
.

e
n
d

w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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D
eliberation

•
H

ow
does

an
agentdeliberate?

–
begin

by
trying

to
understand

w
hatthe

options
available

to
you

are;
–

choose
betw

een
them

,and
com

m
itto

som
e.

C
hosen

options
are

then
intentions.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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D
eliberation

T
he

deliberate
function

can
be

decom
posed

into
tw

o
distinctfunctionalcom

ponents:

•
option

generation;

•
filtering.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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O
ption

G
eneration

•
In

w
hich

the
agentgenerates

a
setofpossible

alternatives

•
R

epresentoption
generation

via
a

function,
options,

w
hich

takes
the

agent’s
currentbeliefs

and
current

intentions,and
from

them
determ

ines
a

setofoptions
(=

desires).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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F
iltering

•
In

w
hich

the
agentchooses

betw
een

com
peting

alternatives,and
com

m
its

to
achieving

them
.

•
In

order
to

selectbetw
een

com
peting

options,an
agentuses

a
filter

function.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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1
.
2
.

B
:=

B
0 ;

3
.

I
:=

I0 ;
4
.

w
h
i
l
e
t
r
u
e

d
o

5
.

g
e
t
n
e
x
t

p
e
r
c
e
p
t
ρ;

6
.

B
:=

brf(B
,ρ

);
7
.

D
:=

options(B
,I);

8
.

I
:=

filter(B
,D
,I);

9
.

π
:=

plan
(B
,I);

1
0
.

execute(π
)

1
1
.
e
n
d
w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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C
om

m
itm

entS
trategies

U
ndercom

m
itm

ent:
S

om
e

tim
e

in
the

not-so-distantfuture,you
are

having
trouble

w
ith

your
new

household
robot.

You
say

“W
illie,bring

m
e

a
beer.”

T
he

robotreplies
“O

K
boss.”

Tw
enty

m
inutes

later,you
screech

“W
illie,w

hy
didn’tyou

bring
m

e
thatbeer?”

It

answ
ers

“W
ell,Iintended

to
getyou

the
beer,butIdecided

to
do

som
ething

else.”
M

iffed,you
send

the
w

ise
guy

back
to

the
m

anufacturer,com
plaining

abouta
lack

ofcom
m

itm
ent.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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C
om

m
itm

entS
trategies

O
vercom

m
itm

ent:
A

fter
retrofitting,W

illie
is

returned,m
arked

“M
odelC

:T
he

C
om

m
itted

A
ssistant.”

A
gain,you

ask
W

illie
to

bring
you

a
beer.

A
gain,itaccedes,replying

“S
ure

thing.”
T

hen
you

ask:
“W

hatkind
ofbeer

did
you

buy?”
Itansw

ers:
“G

enessee.”

You
say

“N
ever

m
ind.”

O
ne

m
inute

later,W
illie

trundles
over

w
ith

a
G

enessee
in

its
gripper.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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C
om

m
itm

entS
trategies

A
nd

a
w

ise
guy:

A
fter

stillm
ore

tinkering,the
m

anufacturer
sends

W
illie

back,prom
ising

no
m

ore

problem
s

w
ith

its
com

m
itm

ents.
S

o,being
a

som
ew

hattrusting
custom

er,you

acceptthe
rascalback

into
your

household,butas
a

test,you
ask

itto
bring

you

your
lastbeer.

[...]
T

he
robotgets

the
beer

and
starts

tow
ards

you.
A

s
it

approaches,itlifts
its

arm
,w

heels
around,deliberately

sm
ashes

the
bottle,and

trundles
off.

B
ack

atthe
plant,w

hen
interrogated

by
custom

er
service

as
to

w
hy

ithad
abandoned

its
com

m
itm

ents,the
robotreplies

thataccording
to

its

specifications,itkeptits
com

m
itm

ents
as

long
as

required
—

com
m

itm
ents

m
ust

be
dropped

w
hen

fulfilled
or

im
possible

to
achieve.

B
y

sm
ashing

the
bottle,the

com
m

itm
entbecam

e
unachievable.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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D
egrees

ofC
om

m
itm

ent

•
B

lind
com

m
itm

ent
A

blindly
com

m
itted

agentw
illcontinue

to
m

aintain
an

intention
untilitbelieves

the
intention

has
actually

been
achieved.

B
lind

com
m

itm
entis

also
som

etim
es

referred
to

as
fanaticalcom

m
itm

ent.

•
S

ingle-m
inded

com
m

itm
ent

A
single-m

inded
agentw

illcontinue
to

m
aintain

an
intention

untilitbelieves
thateither

the
intention

has
been

achieved,or
else

thatitis
no

longer
possible

to
achieve

the
intention.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
A

n
agenthas

com
m

itm
entboth

to
ends

(i.e.,the
state

ofaffairs
itw

ishes
to

bring
about),and

m
eans

(i.e.,
the

m
echanism

via
w

hich
the

agentw
ishes

to
achieve

the
state

ofaffairs).

•
C

urrently,our
agentcontrolloop

is
overcom

m
itted,

both
to

m
eans

and
ends.

M
odification:

replan
ifever

a
plan

goes
w

rong.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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2
.

B
:=

B
0 ;

3
.

I
:=

I
0 ;

4
.

w
h
i
l
e
t
r
u
e
d
o

5
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

6
.

B
:=

brf(B
,ρ

);
7
.

D
:=

options(B
,I);

8
.

I
:=

filter(B
,D
,I);

9
.

π
:=

plan
(B
,I);

1
0
.

w
h
i
l
e
n
o
t

em
pty(π

)
d
o

1
1
.

α
:=

hd
(π

);
1
2
.

execute(α
);

1
3
.

π
:=

tail(π
);

1
4
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

1
5
.

B
:=

brf(B
,ρ

);
1
6
.

i
f

n
o
t

sound
(π
,I,B

)
t
h
e
n

1
7
.

π
:=

plan
(B
,I)

1
8
.

e
n
d
-
i
f

1
9
.

e
n
d
-
w
h
i
l
e

2
0
.
e
n
d
-
w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
S

tillovercom
m

itted
to

intentions:
N

ever
stops

to
consider

w
hether

or
notits

intentions
are

appropriate.

•
M

odification:
stop

to
determ

ine
w

hether
intentions

have
succeeded

or
w

hether
they

are
im

possible:

single-m
inded

com
m

itm
ent.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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2
.

B
:=

B
0 ;

3
.

I
:=

I
0 ;

4
.

w
h
i
l
e
t
r
u
e
d
o

5
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

6
.

B
:=

brf(B
,ρ

);
7
.

D
:=

options(B
,I);

8
.

I
:=

filter(B
,D
,I);

9
.

π
:=

plan
(B
,I);

1
0
.

w
h
i
l
e
n
o
t

em
pty(π

)
o
r

succeeded
(I,B

)
o
r

im
possible(I,B

))
d
o

1
1
.

α
:=

hd
(π

);
1
2
.

execute(α
);

1
3
.

π
:=

tail(π
);

1
4
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

1
5
.

B
:=

brf(B
,ρ

);
1
6
.

i
f
n
o
t

sound
(π
,I,B

)
t
h
e
n

1
7
.

π
:=

plan
(B
,I)

1
8
.

e
n
d
-
i
f

1
9
.

e
n
d
-
w
h
i
l
e

2
0
.
e
n
d
-
w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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Intention
R

econsideration
•

O
ur

agentgets
to

reconsider
its

intentions
once

every
tim

e
around

the
outer

controlloop,i.e.,w
hen:

–
ithas

com
pletely

executed
a

plan
to

achieve
its

currentintentions;or
–

itbelieves
ithas

achieved
its

currentintentions;or
–

itbelieves
its

currentintentions
are

no
longer

possible.

•
T

his
is

lim
ited

in
the

w
ay

thatitperm
its

an
agentto

reconsider
its

intentions.
•

M
odification:

R
econsider

intentions
after

executing
every

action.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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2
.

B
:=

B
0 ;

3
.

I
:=

I
0 ;

4
.

w
h
i
l
e
t
r
u
e
d
o

5
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

6
.

B
:=

brf(B
,ρ

);
7
.

D
:=

options(B
,I);

8
.

I
:=

filter(B
,D
,I);

9
.

π
:=

plan
(B
,I);

1
0
.

w
h
i
l
e
n
o
t

(
em

pty(π
)

o
r

succeeded
(I,B

)
o
r

im
possible(I,B

))
d
o

1
1
.

α
:=

hd
(π

);
1
2
.

execute(α
);

1
3
.

π
:=

tail(π
);

1
4
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

1
5
.

B
:=

brf(B
,ρ

);
1
6
.

D
:=

options(B
,I);

1
7
.

I
:=

filter(B
,D
,I);

1
8
.

i
f
n
o
t

sound
(π
,I,B

)
t
h
e
n

1
9
.

π
:=

plan
(B
,I)

2
0
.

e
n
d
-
i
f

2
1
.

e
n
d
-
w
h
i
l
e

2
2
.
e
n
d
-
w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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T
he

D
ilem

m
a

ofIntention
R

econsideration

•
B

utintention
reconsideration

is
costly!

•
A

n
agentthatdoes

notstop
to

reconsider
its

intentions
sufficiently

often
w

illcontinue
attem

pting
to

achieve
its

intentions
even

after
itis

clear
thatthey

cannotbe
achieved,or

thatthere
is

no
longer

any
reason

for
achieving

them

•
A

n
agentthatconstantly

reconsiders
its

attentions
m

ay
spend

insufficienttim
e

actually
w

orking
to

achieve
them

,and
hence

runs
the

risk
ofnever

actually
achieving

them
.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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C
ontrolling

Intention
R

econsideration

•
S

olution:
incorporate

an
explicitm

eta-levelcontrol
com

ponent,thatdecides
w

hether
or

notto
reconsider.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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2
.

B
:=

B
0 ;

3
.

I
:=

I
0 ;

4
.

w
h
i
l
e
t
r
u
e
d
o

5
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

6
.

B
:=

brf(B
,ρ

);
7
.

D
:=

options(B
,I);

8
.

I
:=

filter(B
,D
,I);

9
.

π
:=

plan
(B
,I);

1
0
.

w
h
i
l
e
n
o
t

(
em

pty(π
)

o
r

succeeded
(I,B

)
o
r

im
possible(I,B

))
d
o

1
1
.

α
:=

hd
(π

);
1
2
.

execute(α
);

1
3
.

π
:=

tail(π
);

1
4
.

g
e
t
n
e
x
t
p
e
r
c
e
p
t
ρ;

1
5
.

B
:=

brf(B
,ρ

);
1
6
.

i
f

reconsider(I,B
)
t
h
e
n

1
7
.

D
:=

options(B
,I);

1
8
.

I
:=

filter(B
,D
,I);

1
9
.

e
n
d
-
i
f

2
0
.

i
f
n
o
t

sound
(π
,I,B

)
t
h
e
n

2
1
.

π
:=

plan
(B
,I)

2
2
.

e
n
d
-
i
f

2
3
.

e
n
d
-
w
h
i
l
e

2
4
.
e
n
d
-
w
h
i
l
e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
T

he
possible

interactions
betw

een
m

eta-levelcontrol
and

deliberation
are:

S
ituation

C
hose

to
C

hanged
W

ould
have

reconsider(...)
num

ber
deliberate?

intentions?
changed

intentions?
optim

al?
1

N
o

—
N

o
Yes

2
N

o
—

Yes
N

o
3

Yes
N

o
—

N
o

4
Yes

Yes
—

Yes

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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O
ptim

alIntention
R

econsideration

•
K

inny
and

G
eorgeff’s

experim
entally

investigated
effectiveness

ofintention
reconsideration

strategies.

•
Tw

o
differenttypes

ofreconsideration
strategy

w
ere

used:

–
bold

agents
never

pause
to

reconsider
intentions,and

–
cautious

agents
stop

to
reconsider

after
every

action.

•
D

ynam
ism

in
the

environm
entis

represented
by

the
rate

ofw
orld

change,
γ.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
R

esults:

–
If
γ

is
low

(i.e.,the
environm

entdoes
notchange

quickly),then
bold

agents
do

w
ellcom

pared
to

cautious
ones.

T
his

is
because

cautious
ones

w
aste

tim
e

reconsidering
their

com
m

itm
ents.

–
If
γ

is
high

(i.e.,the
environm

entchanges
frequently),then

cautious
agents

tend
to

outperform
bold

agents.
T

his
is

because
they

are
able

to
recognize

w
hen

intentions
are

doom
ed,and

take
advantage

ofserendipity.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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Im
plem

ented
B

D
IA

gents:
P

R
S

•
W

e
now

m
ake

the
discussion

even
m

ore
concrete

by
introducing

an
actualagentarchitecture:

the
P

R
S

.

•
In

the
P

R
S

,each
agentis

equipped
w

ith
a

plan
library,

representing
thatagent’s

proceduralknow
ledge:

know
ledge

aboutthe
m

echanism
s

thatcan
be

used
by

the
agentin

order
to

realise
its

intentions.

•
T

he
options

available
to

an
agentare

directly
determ

ined
by

the
plans

an
agenthas:

an
agentw

ith
no

plans
has

no
options.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
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w
w
.
c
s
c
.
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E
xam

ple
P

R
S

(JA
M

)
S

ystem

G
O
A
L
S
:

A
C
H
I
E
V
E
b
l
o
c
k
s
_
s
t
a
c
k
e
d
;

F
A
C
T
S
:

/
/
B
l
o
c
k
1
o
n
B
l
o
c
k
2
i
n
i
t
i
a
l
l
y
s
o

n
e
e
d
t
o

c
l
e
a
r
B
l
o
c
k
2
b
e
f
o
r
e
s
t
a
c
k
i
n
g
.

F
A
C
T
O
N
"
B
l
o
c
k
1
"
"
B
l
o
c
k
2
"
;

F
A
C
T
O
N
"
B
l
o
c
k
2
"
"
T
a
b
l
e
"
;

F
A
C
T
O
N
"
B
l
o
c
k
3
"
"
T
a
b
l
e
"
;

F
A
C
T
C
L
E
A
R
"
B
l
o
c
k
1
"
;

F
A
C
T
C
L
E
A
R
"
B
l
o
c
k
3
"
;

F
A
C
T
C
L
E
A
R
"
T
a
b
l
e
"
;

F
A
C
T
i
n
i
t
i
a
l
i
z
e
d
"
F
a
l
s
e
"
;

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
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