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A
rgum

entation

•
A

rgum
entation

is
the

process
ofattem

pting
to

agree
aboutw

hatto
believe.

•
O

nly
a

question
w

hen
inform

ation
or

beliefs
are

contradictory.

–
Ifeverything

is
consistent,justm

erge
inform

ation
from

m
ultiple

agents.

•
A

rgum
entation

provides
principled

techniques
for

resolving
inconsistency.

•
O

r
atleast,sensible

rules
for

deciding
w

hatto
believe

in
the

face
ofinconsistency.

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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Introduction
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•
T

he
difficulty

is
thatw

hen
w

e
are

presented
w

ith
p

and
¬

p
itis

notatallclear
w

hatw
e

should
believe.

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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G
ilbert’s

F
our

M
odes

ofA
rgum

ent

•
Logicalm

ode
—

akin
to

a
proof.

“Ifyou
acceptthat

A
and

that
A

im
plies

B
,then

you
m

ustacceptthat
B

”.

•
E

m
otionalm

ode
—

appeals
to

feelings
and

attitudes.
“H

ow
w

ould
you

feelifithappened
to

you?”

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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•
V

isceralm
ode

—
physicaland

socialaspect.
“C

retin!”

•
K

isceralm
ode

–
appeals

to
the

m
ysticalor

religious
“T

his
is

againstC
hristian

teaching!”

D
epending

on
circum

stances,som
e

ofthese
m

ightnot
be

accepted.

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
bstractA

rgum
entation

•
C

oncerned
w

ith
the

overallstructure
ofthe

setof
argum

ents

–
(rather

than
internals

ofindividualargum
ents).

•
W

rite
x
→

y

–
“argum

ent
x

attacks
argum

ent
y”;

–
“x

is
a

counterexam
ple

of
y;or

–
“x

is
an

attacker
of

y”.

(w
e

are
notactually

concerned
as

to
w

hat
x,

y
are).

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

abstractargum
entsystem

is
a

collection
or

argum
ents

together
w

ith
a

relation
“→

”
saying

w
hat

attacks
w

hat.

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

ystem
s

like
this

are
called

D
ung-style

after
their

inventor.
•

A
setofD

ung-style
argum

ents:
〈{p

,q
,r,s,}

,{(r,q),(s,q
),(q

,p
)}〉

m
eaning

that
r

attacks
q,

s
attacks

q
and

q
attacks

p.

s r

q
p

•
T

he
question

is,given
this,w

hatshould
w

e
believe?

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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P
referred

extensions

•
T

here
is

no
universalagreem

entaboutw
hatto

believe
in

a
given

situation,rather
w

e
have

a
setofcriteria.

•
A

position
is

a
setofargum

ents.

–
T

hink
ofitas

a
view

point

•
A

position
S

is
conflictfree

ifno
m

em
ber

of
S

attacks
another

m
em

ber
of

S.

–
Internally

consistent

•
T

he
conflict-free

sets
in

the
previous

system
are:

∅
,{p}

,{q}
,{r}

,{s}
,{r,s}

,{p
,r}

,{p
,s}

,{r,s,p}

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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•
Ifan

argum
ent

a
is

attacked
by

another
a
′,then

itis
defended

by
a
′′if

a
′′attacks

a
′.

•
T

hus
p

is
defended

by
r

and
s.

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

position
S

is
m

utually
defensive

ifevery
elem

entof
S

thatis
attacked

is
defended

by
som

e
elem

entof
S.

–
S

elf-defence
is

allow
ed

•
T

hese
positions

are
m

utually
defensive:

∅
,{r}

,{s}
,{r,s}

,{p
,r}

,{p
,s}

,{r,s,p}

•
A

position
thatis

conflictfree
and

m
utually

defensive
is

adm
issible.

•
A

llthe
above

positions
are

adm
issible.

•
A

dm
issibility

is
a

m
inim

alnotion
ofa

reasonable
position

—
itis

internally
consistentand

defends
itself

againstallattackers.

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

preferred
extension

is
a

m
axim

aladm
issible

set.

–
adding

another
argum

entw
illm

ake
itinadm

issible.

•
In

other
w

ords
S

is
a

preferred
extension

if
S

is
adm

issible
and

no
supresetof

S
is

adm
issible.

•
T

hus
∅

is
nota

preferred
extension,because

{p}
is

adm
issible.

•
S

im
ilarly,

{p
,r,s}

is
adm

issible
because

adding
q

w
ould

m
ake

itinadm
issible.

•
A

setofargum
ents

alw
ays

has
a

preferred
extension,

butitm
ay

be
the

em
pty

set.

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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•
W

ith
a

larger
setofargum

ents
itis

exponentially
harder

to
find

the
preferred

extension.

•
n

argum
ents

have
2

n
possible

positions.

•
T

his
setofargum

ents:

g
ab

c
d

e
f

h

has
tw

o
preferred

extensions:

{a
,b
,d
,f}

{c,e,g
,h}

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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•
In

contrast:
g

ab

c
d

e
f

h

has
only

one:
{a
,b
,d
,f}

since
c

and
e

are
now

attacked
butundefended,and

so
can’tbe

in
an

adm
issible

set.

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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•
Tw

o
rather

pathologicalcases
are:

a
b

w
ith

preferred
extension

{a}
and

{b},and:

ab

c

w
hich

has
only

∅
as

a
preferred

extension.

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
redulous

and
scepticalacceptance

•
To

im
prove

on
preferred

extensions
w

e
can

define

A
n

argum
entis

sceptically
accepted

ifitis
a

m
em

ber
of every

preferred
extension.

andA
n

argum
entis

credulously
accepted

ifitis
a

m
em

ber
of atleastone

preferred
extension.

•
C

learly
anything

thatis
sceptically

accepted
is

also
credulously

accepted.
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

n
our

originalexam
ple,

p,
q

and
r

are
allsceptically

accepted,and
q

is
neither

sceptically
or

credulously
accepted.

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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G
rounded

extensions

•
A

nother
approach,perhaps

better
than

preferred
extension.

•
A

rgum
ents

are
guaranteed

to
be

acceptable
ifthey

aren’tattacked.

–
N

o
reason

to
doubtthem

•
T

hey
are

IN

•
O

nce
w

e
know

w
hich

these
are,any

argum
ents

that
they

attack
m

ustbe
unacceptable.

•
T

hey
are

O
U

T
—

delete
them

from
the

graph.

•
N

ow
look

again
for

IN
argum

ents...
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

nd
continue

untilthe
graph

doesn’tchange.

•
T

he
setofIN

argum
ents

—
the

ones
leftin

the
graph

—
m

ake
up

the
grounded

extension.

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

onsider
com

puting
the

grounded
extension

of:

a

b

eh

f
n

c

d
g

i

j

p

q

m

k
l

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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•
W

e
can

say
that:

–
h

is
notattacked,so

IN
.

–
h

is
IN

and
attacks

a,so
a

is
O

U
T.

–
h

is
IN

and
attacks

p,so
p

is
O

U
T.

–
p

is
O

U
T

and
is

the
only

attacker
of

q
so

q
is

IN
.

•
T

here
is

alw
ays

a
grounded

extension,and
itis

alw
ays

unique
(though

itm
ay

be
em

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
a
s
/
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D
eductive

A
rgum

entation
B

asic
form

ofdeductive
argum

ents
is

as
follow

s:

D
atabase

`
(Sentence,G

rounds)

w
here:
•

D
atabase

is
a

(possibly
inconsistent)

setoflogical
form

ulae;

•
Sentence

is
a

logicalform
ula

know
n

as
the

conclusion;
and

•
G

rounds
is

a
setoflogicalform

ulae
such

that:

1.
G

rounds
⊆

D
atabase;and

2.
Sentence

can
be

proved
from

G
rounds.

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
ttack

and
D

efeat

•
A

rgum
entation

takes
into

accountthe
relationship

betw
een

argum
ents.

•
Let

(φ
1 ,Γ

1 )
and

(φ
2 ,Γ

2 )
be

argum
ents

from
som

e
database

∆
...

T
hen

(φ
2 ,Γ

2 )
can

be
defeated

(attacked)
in

one
oftw

o
w

ays:

1.
(φ

1 ,Γ
1 )

rebuts
(φ

2 ,Γ
2 )

if
φ

1
≡
¬
φ

2 .
2.

(φ
1 ,Γ

1 )
undercuts

(φ
2 ,Γ

2 )
if
φ

1
≡
¬
ψ

for
som

e
ψ
∈

Γ
2 .

•
A

rebuttalor
undercutis

know
n

an
attack.

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

nce
w

e
have

identified
attacks,w

e
can

look
at

preferred
extensions

or
grounded

extensions
to

determ
ine

w
hatargum

ents
to

accept.

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
rgum

entation
and

C
om

m
unication

•
W

e
have

tw
o

agents,
P

and
C

,each
w

ith
som

e
know

ledge
base,

Σ
P

and
Σ

C
.

•
E

ach
tim

e
one

m
akes

an
assertion,itis

considered
to

be
an

addition
to

its
com

m
itm

entstore,
C

S
(P

)
or

C
S
(C

).

•
T

hus
P

can
build

argum
ents

from
Σ

P
∪

C
S
(C

),and
C

can
use

Σ
C
∪

C
S
(P

).

•
W

e
assum

e
thatdialogues

startw
ith

P
m

aking
the

firstm
ove.

•
T

he
outcom

es,then,are:
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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–
P

generates
an

argum
entboth

classify
as

IN
,or

–
C

m
akes

P
’s

argum
entO

U
T.

•
C

an
use

this
for

negotiation
ifthe

language
allow

s
you

to
express

offers.

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
rgum

entation
P

rotocol

•
A

typicalpersuasion
dialogue

w
ould

proceed
as

follow
s:

1.
P

has
an

acceptable
argum

ent
(S
,p),builtfrom

Σ
P ,and

w
ants

C
to

accept
p.

2.
P

asserts
p.

3.
C

has
an

argum
ent

(S
′,¬

p).
4.

C
asserts

¬
p.

5.
P

cannotaccept
¬

p
and

challenges
it.

6.
C

responds
by

asserting
S
′.

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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7.
P

has
an

argum
ent

(S
′′,¬

q)
w

here
q
∈

S
′,and

challenges
q.

8.
...

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
rgum

entation
P

rotocolII

•
T

his
process

eventually
term

inates
w

hen

Σ
P
∪

C
S
(P

)
∪

C
S
(C

)

and
Σ

C
∪

C
S
(C

)
∪

C
S
(P

)

eventually
provide

the
sam

e
setofIN

argum
ents

and
the

agents
agree.

•
C

learly
here

w
e

are
looking

atgrounded
extensions.

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
ifferentdialogues

•
Inform

ation
seeking

–
Tellm

e
if

p
is

true.

•
Inquiry

–
C

an
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