
A
nalysis

of
C

onflicting
Inform

ation
U

sing
A

rgum
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Inconsistency
is

not
allbad!

•
O

ften
inconsistency

is
unw

anted

-
Specification

for
a

plan

-
Sensor

fusion
in

robotics

•
Som

etim
es

inconsistency
is

useful

-
L

aw
yers

look
for

itin
an

opposition
case

-
Tax

inspectors
look

for
itin

tax
returns

•
For

m
any

situations,inconsistency
is

a
driver

for
further

investigation

-
B

iom
edicalknow

ledge

•
In

general,inconsistency
im

plies
action

(G
abbay)
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Inconsistency
in

classicallogic
C

lassicallogic
(and

sub-system
s)

are
the

basis
of

m
any

data
+

know
ledge

engineering
form

alism
s

•
B

utw
hen

inform
ation

is
inconsistent,itis

trivialised

α∧
¬
α

β

•
A

nd
there

is
no

m
odelof

inconsistentinform
ation

To
handle

inconsistency,techniques
on

top
of

logic
can

be
used

(e.g.query
techniques

for
inconsistentdatabases,paraconsistent

reasoning,belief
revision,conflictresolution,know

ledge/belief
m

erging,

m
easuring/analysing

inconsistency,argum
entation,etc).
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A
rgum

entation
as

a
cognitive

process
A

rgum
entation

is
a

key
w

ay
hum

ans
dealw

ith
conflicting

inform
ation:

•
A

rgum
entation

involves
identifying

argum
ents

and
counterargum

ents

relevantto
an

issue
(e.g.

W
hatare

the
pros

and
cons

for
the

safety
of

m
obile

phones
for

children?).

•
A

rgum
entation

involves
w

eighing,com
paring,or

evaluating

argum
ents.

(e.g.
W

hatsense
can

w
e

m
ake

of
the

argum
ents

concerning
m

obile
phones

for
children?).

•
A

rgum
entation

m
ay

involve
draw

ing
conclusions

(e.g.
A

parent

answ
ering

the
question

“A
re

m
obile

phones
safe

for
m

y
children?”).

•
A

rgum
entation

m
ay

involve
convincing

an
audience

(e.g.
A

politician
m

aking
the

case
thatm

obile
phones

should
be

banned
for

children
because

the
risk

of
radiation

dam
age

is
too

great)

4



A
bstract

argum
entation

A
n

abstract
argum

ent
system

is
a

graph
(A
,→

)
w

here
each

node
is

an

argum
entand

each
arc

A
i →

A
j

denotes
A

i
attacks

A
j

(D
ung).

A
1

=
Patienthas

em
physem

a
-

a
contraindication

for
betablockers

A
2

=
Patienthas

hypertension
so

prescribe
betablockers

A
3

=
Patienthas

hypertension
so

prescribe
diuretics

I
C

=
O

nly
give

one
prescription

per
disorder

A
1 →

A
2 ↔

A
3

5



A
bstract

argum
entation

A
set

S
⊆

A
of

argum
ents

is
conflict-free

iff
there

are
no
a

and
b

in
S

such
that

a
attacks

b.

For
A

1 →
A

2 ↔
A

3 ,conflictfree
subsets

ofA
=

{A
1 ,A

2 ,A
3 }

are

{},{A
1 },{A

2 },{A
3 },{A

1 ,A
3 }

A
setof

argum
ents

S
⊆

A
defends

an
argum

ent
a∈

A
iff

for
each

argum
ent

b∈
A

,if
b

attacks
a

then
S

attacks
b.

{}
defends

A
1

{A
1 }

defends
A

1

{A
1 }

defends
A

3

{A
3 }

defends
A

3

{A
1 ,A

3 }
defends

A
1

{A
1 ,A

3 }
defends

A
3

6



A
bstract

argum
entation

L
etΓ

be
a

conflict-free
setof

argum
ents,

Γ
is

adm
issible

iffΓ
=

{A
∈

Γ
|Γ

defends
A}

Γ
is

com
plete

iffΓ
=

{A
∈
A

|Γ
defends

A}
Γ

is
grounded

iff
itis

the
m

inim
al(w

.r.t.
setinclusion)

com
plete

extension.

Γ
is

preferred
iff

itis
a

m
axim

al(w
.r.t.

setinclusion)
com

plete
extension.

E
.g.

For
A

1 ↔
A

2 ,w
e

have
the

follow
ing

extensions:

adm
issible

com
plete

grounded
preferred

{}
×

×
×

{A
1 }

×
×

×
{A

2 }
×

×
×

7



A
bstract

argum
entation

L
etΓ

be
a

conflict-free
setof

argum
ents,

Γ
is

adm
issible

iffΓ
=

{A
∈

Γ
|Γ

defends
A}

Γ
is

com
plete

iffΓ
=

{A
∈
A

|Γ
defends

A}
Γ

is
grounded

iff
itis

the
m

inim
al(w

.r.t.
setinclusion)

com
plete

extension.

Γ
is

preferred
iff

itis
a

m
axim

al(w
.r.t.

setinclusion)
com

plete
extension.

E
.g.

For
A

1 →
A

2 ↔
A

3 ,w
e

have
the

follow
ing

extensions:

adm
issible

com
plete

grounded
preferred

{A
1 }

×
{A

3 }
×

{A
1 ,A

3 }
×

×
×

×

8



A
bstract

argum
entation

•
T

here
is

a
range

of
definitions

for
extensions

(sem
antics)

w
ith

inter-relationships
(e.g.

D
ung,D

ung+
M

ancarella+
Toni,C

am
inada,

B
aroni+

G
iacom

in,C
oste-M

arquis+
D

evred+
M

arquis)

•
T

he
com

plexity
class

for
num

erous
decision

questions
identified

(D
unne).

•
Im

plem
entated

system
s

for
com

puting
extensions

include
D

ungine

(w
w

w
.argkit.org)

by
South

etal

•
E

nriched
abstractargum

entsystem
s

-
w

ith
value

of
each

argum
ent(B

ench-C
apon)

-
w

ith
logicalconstraints

(C
oste-M

arquis
etal)

-
w

ith
supporting

argum
ents

(A
m

goud,C
ayrol,L

agasquie-Schiex)

-
w

ith
conditionalpriorities

over
attacks

(M
odgil)
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F
rom

abstract
to

logicalargum
entation

•
A

bstractargum
entation

lacks
w

ays
to

-
to

constructargum
ents

or
attacks

relation

-
to

divide
argum

ents

-
to

com
bine

argum
ents

•
L

ogicalargum
entation

offers
a

solution

-
argum

ents
constructed

from
know

ledge
via

deduction

-
attacks

identified
via

counterargum
ents

10



L
ogicalargum

ents
L

et∆
be

setof
form

ulas
in

classicallogic

A
n

argum
ent

is
a

pair〈Φ
,α〉

such
that

1.
Φ
�	
⊥

2.
Φ
	
α

3.
Φ

is
a

m
inim

alsubsetof∆
satisfying

2

Φ
is

the
support

and
α

is
the

claim
of

the
argum

ent

E
xam

ple:
L

et∆
=

{α
,α

→
β
,γ→

¬
β
,γ
,δ,δ→

β
,¬
α
,¬
γ}

Som
e

argum
ents

are:
〈{α

,α
→
β},β〉

〈{γ→
¬
β
,γ},¬

β〉
〈{δ,δ→

β},β〉
〈{α

,¬
γ},α∧

¬
γ〉

11



L
ogicalcounterargum

ents
A

rebuttalfor〈Φ
,α〉

is
an

argum
ent〈Ψ

,β〉
w

here
β
	
¬
α

A
n

undercut
for〈Φ

,α〉
is

an
argum

ent〈Ψ
,¬

(φ
1 ∧

...∧
φ

n )〉
w

here{φ
1 ,...,φ

n }⊆
Φ

E
xam

ple:
L

et∆
=

{α
,α

→
β
,γ
,γ→

¬
α}

〈{α},α〉
is

a
rebutfor〈{γ

,γ→
¬
α},¬

α〉
〈{γ

,γ→
¬
α},¬

α〉
is

an
undercutfor〈{α

,α
→
β},β〉

〈{γ
,γ→

¬
α},¬

(α∧
(α

→
β
))〉

is
a

m
ore

conservative
undercut

12



C
anonicalundercuts

A
canonicalundercut

for
an

argum
ent〈Φ

,α〉,w
here

Φ
=

{φ
1 ,..,φ

n },
is

an
argum

entof
the

follow
ing

form

〈Ψ
,¬

(φ
1 ∧

...∧
φ

n )〉

E
xam

ple

〈{¬
α∨

¬
β},¬

(α∧
β
)〉

is
a

canonicalundercutfor〈{α
,β},α∧

β〉

•
A

canonicalundercutis
a

“m
axim

ally
conservative”

undercutin
the

sense
thatthe

supportand
claim

are
the

w
eakestpossible

for
an

undercut.

•
B

ecause
they

are
m

axim
ally

conservative,they
subsum

e
m

any
other

undercuts,thereby
rem

oving
m

uch
redundancy.

13



A
n

exam
ple

of
an

argum
enttree

〈{¬
q
2 ,¬

q
2 →

q
1 },q

1 〉
↑

〈{q
4 ,q

4 →
q
3 ,q

3 →
q
2 },

�〉
↗

↑
↖

〈{q
5 ,q

5 →
¬
q
4 },

�〉
〈{q

6 ,q
6 →

¬
q
3 },

�〉
〈{q

7 ,q
7 →

¬
(q

3 →
q
2 )},

�〉

q
1

M
obile

phones
are

safe
for

children

q
2

M
obile

phones
have

a
health

risk

q
3

M
obile

phones
heatthe

brain

q
4

M
obile

phones
em

itstrong
em

radiation

q
5

T
here

is
a

high
density

of
phone

m
asts

q
6

M
obile

phones
can

be
used

hands-free

q
7

H
otbaths

heatthe
brain

14



A
nother

exam
ple

of
an

argum
ent

tree

〈{∀
x
.Q

(x),∀
x
.Q

(x)→
∃
y
,z
.S

(y
,z)},∃

y
,z
.S

(y
,z)〉

↑
〈{P

a
,∀
x
.(P

(x)→
¬
Q

(x)∨
R

(x)),¬∃
x
.R

(x)},
�〉

↗
↖

〈{∃
x
.¬

(P
(x)→

¬
Q

(x)∨
R

(x))},
�〉

〈{∀
x
.¬

(P
(x)∧

¬
R

(x))},
�〉

15



A
rgum

enttrees
A

n
argum

ent
tree

for
α

is
a

tree
w

here
the

nodes
are

argum
ents

such
that

1.
T

he
rootis

an
argum

entfor
α

2.
For

no
node〈Φ

,β〉
w

ith
ancestor

nodes〈Φ
1 ,β

1 〉,...,〈Φ
n
,β

n 〉
is

Φ
a

subsetofΦ
1 ∪

···∪
Φ

n

3.
T

he
children

nodes
of

a
node

N
consistof

canonicalundercuts
for

N

thatobey
2.

A
com

plete
argum

ent
tree

is
an

argum
enttree

w
here

children
nodes

of
a

node
N

consistof
allcanonicalundercuts

for
N

thatobey
2.

16



Judgem
ent

of
an

argum
ent

tree

B
lue

argum
ents

are
undefeated

R
ed

argum
ents

are
defeated

M
r

Jones
has

to
have

surgery
to

rem
ove

the
hearttum

our

17



Judgem
ent

of
an

argum
ent

tree

B
lue

argum
ents

are
undefeated

R
ed

argum
ents

are
defeated

M
r

Jones
has

to
have

surgery
to

rem
ove

the
hearttum

our

↑
T

his
is

nota
good

plan:
If

w
e

do
it,there

is
a

50%
chance

he
w

illdie
in

the
theatre
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Judgem
ent

of
an

argum
ent

tree

B
lue

argum
ents

are
undefeated

R
ed

argum
ents

are
defeated

M
r

Jones
has

to
have

surgery
to

rem
ove

the
hearttum

our

↑
T

his
is

nota
good

plan:
If

w
e

do
it,there

is
a

50%
chance

he
w

illdie
in

the
theatre

↑
B

utif
w

e
do

nothing,then
there

is
a

100%
chance

he
w

illdie
w

ithin
one

m
onth

19



Judgem
ent

of
an

argum
ent

tree

B
lue

argum
ents

are
undefeated

R
ed

argum
ents

are
defeated〈{β

,β
→
α},α〉

↑
〈{γ

,δ,δ∧
γ→

¬
β},

�〉
↗

↖
〈{φ

,φ
→

¬
γ},

�〉
〈{ψ

,ψ
→

¬
δ},

�〉
↑

↑
〈{¬

ψ},
�〉

〈{¬
(φ

→
¬
γ)},

�〉

20



L
ogics

for
argum

entation
E

ach
logic-based

argum
entation

system
constructs

argum
ents

of
the

form

〈Φ
,α〉

w
here

Φ
	

i
α

for
som

e
underlying

logic	
i

such
as

•
C

lassicallogic

•
D

efeasible
logic

•
Tem

porallogic

•
:

•
D

efeasible
logic

+
D

escription
logic

E
.g.

N
ute,Prakken,Fox+

K
rause+

Parsons,Sim
arietal,C

ayroletal,C
am

inada+
A

m
goud,

Tonietal,V
reesw

ijk,V
erheij,Pollock,B

enferhatetal,E
lvang

etal,A
m

goud+
C

ayrol,

B
esnard+

H
unter,B

ench-C
apon,etc.

21



O
ntology-based

argum
entation

•
∆

is
a

setof
rules

of
the

form
β

1 ∧
...β

j →
β

j
+

1

•
Γ

is
an

ontology
in

classical/description
logic

∆
	

Γ
ψ

iff
there

is
a

sequence
of

literals
α

1 ,...,α
n

such
that

ψ
is
α

n
and

for
each

α
i ∈

{α
1 ,...α

n }
either

there
is

a
β

1 ∧
...∧

β
j →

α
i ∈

∆

and{β
1 ,...,β

j }⊆
{α

1 ,...,α
i−

1 }
orΓ∪

{α
1 ,...,α

i−
1 }	

α
i

E
.g.{a→

b,c→
¬
d}	

{
a
,b→

c} ¬
d

because
of

the
sequence

a
,b,c,¬

d.

22



O
ntology-based

argum
entation

L
et∆

be
setof

rules
and

letΓ
be

an
ontology.

A
n

argum
ent

is
a

pair〈Φ
,α〉

such
that

1.
Φ

is
consistent

2.
Φ

is
a

m
inim

alsubsetof∆
s.t.Φ

	
Γ
α

E
xam

ple:
L

et∆
=

{b∧
c→

d
,d→

f
,g→

¬
d
,i→

¬
f}

and
Γ

=
{a
,a→

b,c,h
,h→

g
,i}

〈{b∧
c→

d
,d→

f},f〉
〈{g→

¬
d},¬

d〉
(undercut)

〈{i→
¬
f},¬

f〉
(rebut)

23



O
ntology-based

argum
entation

•
E

xploit
the

ontology
as

a
repository

of
strict

know
ledge:

U
se

instances
in

ontology
(A

B
ox)

as
facts,and

use
class

+
relationship

definitions
in

ontology
(T

B
ox)

to
infer

further
facts.

•
E

xploit
rigour

of
the

ontology
for

the
rule

language:
U

se
class

+

relationship
nam

es
of

ontology
as

the
predicate

sym
bols

in
rules.

•
E

xploit
ontology

reasoning
softw

are:
E

valuate
each

condition
in

a

rule
by

querying
the

ontology.

•
E

xploit
argum

entation
system

:
For

generating
and

com
paring

argum
ents

from
defeasible

rules
(e.g.

D
eL

P,A
SPIC

,C
A

SA
PI,etc).

•
E

xploit
the

ontology
to

determ
ine

conflict
betw

een
pairs

of
atom

s:
C

onflictis
redefined

in
term

s
of

inconsitency
in

the
ontology.
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A
nalysing

know
ledge

in
evidence-based

m
edicine

A
case

study
on

evidence-based
m

edicine
in

breastcancer

•
37

000
cases/yr

in
the

U
K

of
w

hom
1/3

r
d

die

•
Prognostic

Factors:
E

R
status,L

N
status,B

one
M

etastases

•
T

reatm
ents:

E
R

B
lockers

(Tam
oxifen

&
A

nastrazole)

•
>

500
new

clinicaltrials/year

•
T

rials
offer

evidence
on

likely
outcom

es
for

groups
of

patients

•
D

ifferenttrials
address

different(butoften
notdisjoint)

groups
of

patients,and
often

related
types

of
drug

(e.g.
Tam

oxifen
&

H
orm

one

recepter
antagonists)

•
D

ifferenttrials
can

conflict

25



A
nalysing

know
ledge

in
evidence-based

m
edicine

C
L

A
SS

N
A

M
E

S
D

rugR
egim

es
B

isphosphonates
Z

oledronicA
cid

H
orm

oneR
A

Tam
oxifen

Tam
oxifen5Y

r
Tam

oxifen2Y
r

A
nastrazole

D
iseases

B
reastC

ancer
E

R
P

os
B

reastC
ancer

E
R

N
eg

B
reastC

ancer
E

ndom
etrialC

ancer

PR
O

PE
R

T
IE

S

hasD
isease(P

erson,D
isease)

hasTreatm
ent(P

erson,Treatm
ent)

hasA
ge(P

erson,int)

IN
STA

N
C

E
S

Tam
oxifen5Y

r(Tam
C

ourseA
)

Tam
oxifen2Y

r(Tam
C

ourseB
)

A
nastrazole(A

nastrazoleC
ourseA

)
Z

oledronicA
cid(Z

olendronateA
)

26



A
nalysing

know
ledge

in
evidence-based

m
edicine

A
n

exam
ple

of
a

defeasible
rule

obtained
from

a
clinicaltrial.

r
1 :

W
om

en(x)

∧
hasD

isease(x,y)∧
E

arlyB
reastC

ancer(y)∧
E

R
P

ositiveD
isease(y)

∧
hasTreatm

ent(x,z)∧
Tam

oxifen5Y
r(z)

∧
IncreasedB

rC
aD

F
S

(a)

⇒
hasD

eltaR
isk(x,a)

N
ote

thatallhave
a

single
treatm

entin
the

body
&

atom
in

the
head

27



A
nalysing

know
ledge

in
evidence-based

m
edicine
•

From
39

papers
on

random
ized

clinicaltrials
(R

C
T

s),68
defeasible

rules
obtained

from
the

statistically
significantrelative

risk
statem

ents
in

the
abstracts.

•
A

setof
such

conditionalform
ulae

is
norm

ally
inconsistentw

ith
an

ontology
and

a
setof

integrity
constraints.

•
C

onstructargum
ents

and
counterargum

ents
relating

to
the

effects
of

differenttreatm
ents

involving
tam

oxifen
on

D
FS

and
O

S.

•
C

onstructw
arranted

argum
ents

on
toxicologicaleffects

of
tam

oxifen.

•
E

valuation:
Type

I
and

II
errors

w
ith

clinicalguidelines
(e.g.

N
C

I).

•
Projectundertaken

by
M

attW
illiam

s
(an

oncologistw
ith

C
R

U
K

funding).
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A
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know
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evidence-based

m
edicine
•

R
apidly

grow
ing
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of

results
in
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ing
a

body
of

know
ledge
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often

incom
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and
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system
atic

form
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know
ledge
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using
inform

ation
extraction

technology

•
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ith
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and
clinicians

can
com
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of
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–
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–
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–
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new
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–
A
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ent)
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argum
entto
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beliefs
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agent)
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