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Background & Motivation

@ Given AF = ({»,q},{(p,q)}), argumentation semantics
normally concludes that p is accepted and g is rejected.

@ To reject p, on the other hand, a counter-argument
attacking p is to be introduced.

@ A player participating in an argumentation or a person in
the audience of a public debate would have opinions s.t.
“T do not believe p", ‘I still believe q¢", or “I do not
believe that p attacks q" without any concrete grounds. )

p q

I do not believe p. I still believe q.

I do not believe
that p attacks q.




Contributions

@ We introduce the framework of AF with beliefs (AFB)
to represent interaction between arguments and beliefs.

@ In AFB an agent’s beliefs are added to the
argumentation graph and interact with arguments.

@ We introduce axioms for interlinking arguments and
beliefs, and compute belief extensions that represent
(dis)believed arguments as well as accepted arguments.

@ We apply the framework to modelling the audience of
argumentation, dialogue between two agents, and inner
conflict of an agent.




Representing belief in AF

@ If an agent a believes an argument p (resp. an attack
P — q) to be true, it is represented as B,p (resp.
Bao(p — q)).

@ When the agent’s identification is unimportant, a is
omitted and it is simply written as Bp or B(p — q).

@ An agent’s disbelieving p (resp.  — q) is represented by
—1Bp (resp. = B(p — q)).

v

Technically, we handle p — q, »p <> q, (—m)Bp, (m)B(p — q)
or (m)B(p <> q) as an atom, so B is not an operator in
modal epistemic Logic. In this setting, the “atom" ——Bp is
identified with Bp.




AF with belief

Given an argumentation framework AF = (A, R), the set

Bar of belief atoms over AF is defined as

Bar ={Bp, °Bp | p€ Atu{B(®—>q), "B(p—q) |
(p,q) € R}.

AF with belief

Given AF = (A, R), AF with belief (or AFB) is defined as a
triple ' = (A, R, S) where S C Bar. I is often written as
(AF,S).

attacks over beliefs
Given AF = (A, R), define
Re =R U {(—Bp,p), (—mBp, Bp), (Bp, "Bp) | n€ A}.
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Attack axiom

attack axiom
Let p and g be arguments. Then

(AT) BopANB(p—q) D Bgqg

is called the attack axiom.

(AT) is rewritten as

BGqAB(p—>q) D °"Bp or BpABg DO B(p—q).



Closure

Given S C Bar, define cla7(S) C Bar as the smallest set of
belief atoms satisfying the following conditions:
Q S Cclar(S).
Q If Bp € clar(S) and B(p — q) € clar(S), then
1 Bq € clar(S).
Q If Bg € claT(S) and B(p — q) € claT(S), then
1 Bp € clar(S).
Q If Bp € clar(S) and Bq € clar(S), then
1 B(p— q) € claT(S).

claT(S) is consistent if it does not contain
{Bp, °Bp|p € A} nor {B(p —q), "B(p —q) | p,q € A}
as a subset.



Belief extension

Let o be an argumentation semantics.

belief extension

Given an AFB I' = (A, R, S), a set E is a o belief extension
of " if E is a o extension of AF = (X,Y) with

X = AUclaT(S)a,

Y =(XxX)NRe)\{(p = q) | 7"B(p — q) € clar(S)r},
where

claT(S)a =claT(S)N{Bp, " Bp|p€E A},

clar(S)r =clar(S)N{B(P—+q), " B(p—q)| (p —>q)€
R}, and

Re =R U {(=Bp,p), (mBp, Bp), (Bp,—Bp) | p€ A}.




Example (1)

Suppose an agent in the audience of a public debate.

Let AF = ({p,q},{(p,q)}) and o € {(co)mplete, (st)able,
(pr)eferred, (gr)ounded }.
e 1 = (AF,{Bp, B(p — q)}) has the o belief extension
E1 = {p, Bp, 7 Bq}.
@ > = (AF,{—Bp}) has the o belief extension
E> = {—Bp,q}.
@ '3 = (AF,{Bg,—~B(p — g)}) has the o belief extension
Esz = {p,q, Bq}.
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Example (2)

e Ny, = (AF,{Bgq, B(p — q)}) has the o belief extension
Es={—-Bp,Bq,q}.

e s = (AF, {Bp, Bq, B(p — q)}) has the grounded belief
extension Es = &; four stable (or preferred) belief
extensions Es = {p, Bp, "Bq}, Evx = {p, Bp, Bq},

Es = {q, ~Bp, Bq}, and Eg = {—~Bp, 7Bq}; and five
complete belief extensions Es, Es, E7, Eg, Eo.
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Properties (1)

@ Since co, pr, gr are universal, ' = (AF,S) has a o
belief extension if AF = (A, R) has a ¢ extension for
o € {co, pr,gr}.

@ When AF = (A, R) has a stable extension, ' = (AF, S)
may not have a stable extension; and when AF = (A, R)
has no stable extension, I = (AF, S) may have a stable
belief extension.

(1) AF = ({p,q},{(p,q),(q,q)}) has the stable extension
{p}, while AFB = (AF,{—~Bp}) has no stable belief
extension.

(2) AF = ({»},{(p,P)}) has no stable extension, while
AF B = (AF, {—Bp}) has the stable belief extension {—Bp}.




Properties (2)

An AFB I' = (A, R, S) is rational if ctaT(S) is consistent,
i.e., a rational AFB represents an agent who has a
consistent belief over AF.

Let ' = (A, R, S) be a rational AFB and o € {co, st, pr, gr}.

@ claT(S)a C E holds for any o belief extension E of I,
where claT(S)a = clar(S)N{Bp, "Bp|p € A},

@ If B(p <> q) isin claT(S), there is no o belief extension
E such that {Bp, Bq} C E.

@ If B(p — p) is in claT(S), there is no o belief extension
E such that Bp € E.




Consider dialogues between two agents a and b. Belief of
each agent is represented by B, and By, respectively.
An argument p made by an agent a is represented by pq.

dialogue

A dialogue between two agents a and b is defined as a pair
A = (g, M) where 'y, = (AF, Sp) and Iy = (AF, Sp) are
AFBs.

(in)sincere agent

Let M4 = (AF, Sg) be an AFB with AF = (A, R).
The agent a is sincere if g € A implies BgDbg € Sa;
otherwise, a is insincere.

A sincere agent makes an argument only if she believes it.



Static belief extension

Given AF = (A, R), attacks over beliefs and the attack
axiom are modified as:

Rs = RU{(—Bipj, pj), (mBipj, Bip;j), (Bipj, 7 Biv;)},
(AT) Bipj ABi(pj = aqk) DO — Bigk
where p;,qx € A and ¢,7, k € {a, b}.

static belief extension

Let A = (g, Mp) be a dialogue where ', = (AF, S;) and
My = (AF, Sp). A pair (E, F) is a static o belief extension
(or o-SBE for short) of A if
- E is a 0 extension of AF = (X,Y) where

X = AUclaT(Sa)Aa;

Y =((XxX)NRe)\{(p = q)|7Ba(p — q) € claT(Sa)r}.
- F is a 0 extension of AF = (X,Y) where

X = AU clat(Sp)a;

Y = (X X X)N Re)\{(P = a)|2Bs(p — q) € claT(Sp)R}-




Example (1)

Let AF = ({Pa, av}, {(Pa, av)}) and o € {co, st, pr, g7}.

@ Ay = ('L, ) where 'l = (AF, {Ba(Pa — ab), BaPa})
and '} = (AF, {Bo(Pa — @), Boab}) has the 0-SBE
({Pa, BaPa, 7Baqv}, {av, Boqv, " BePa}).

@ Ay = (L, ) where Iy = (AF, {=Bo(Pa — ab), Boav})
has the 0-SBE ({Pa, BaPa, 7Baqs}, {Pa, db, BvoGv}).
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Example (2)

Suppose that the agent a is insincere.

® Az = (I3, 1) where '3 = (AF, {Ba(pa — qb)}) and
't = (AF, {Bo(Pa — ab), Boav}) has the o-SBE
({Pa}, {av, Boaqv, 7 BoDa}).

@ Ay = (4, T}) where T = (AF, {—1BaPa, Ba(Pa — v)})
has the 0-SBE ({—BaPa, 9o}, {ab, BoQb, 7BoDal}).

la is bluffing| |a is lying]

Bpqp
°
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=Bapa =Bppa
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Characterizing dynamic aspect

Bip (resp. B.(p — q)) means that a believes p (resp.
p — q) at time t where t > 0 is an integer representing
discrete time steps. Let T be a set of integers.

belief change axiom

(BC) BipABL(p—q) D-Bs g (tET)

| \

inertia rule
Bta : Bif'a -Bta : B
(IR) t—i-—l and t+1 (t € T)
B, —1Bg

where o is either an argument p or an attack p — q.

v

(IR) are normal default rules in default Logic meaning that
if (m)BLa is the case and (—|)BZ+1a is consistently assumed
then conclude (—|)Bthl



Closure

Given AF = (A, R), define
Blr={Blp, " Blp | peAand t €T}
U{Bi(p—q), " Bi(p—q) | (ng) €ERandt € T}
CLD(S)

Given S C B, define clp(S) C Bj~ as the smallest set of belief
atoms satisfying the following conditions:

Q S Cclp(S).

Q If BipEclp(S) and Bi(p — q) Eclp(S) then =BT g€ cln(S).
Q If B g€ clp(S) and BL(p — q) Eclp(S) then =BipEclp(S).
Q If Bipeclp(S) and B geclp(S) then =B (p — q) Eclp(S).

Q@ If Bla € clp(S) and {BI'a} U clp(S) is consistent, then
7:Ha € clp(S).

Q If ~Bta € clp(S) and {~BL a} Uclp(S) is consistent, then
t+10& € clp(S).

[ £




Dynamic belief extension

Given AF = (A, R), define
Rp = R U {(=B!p;, p;), (mBipj, Bips), (Bips, ~Bipy) |
p; €A 1,7 € {a,b}, andt € T},
clp(S)a=clp(S)N{ Bip, "Bl |p € A i€ {a,b}, t€ T}
clp(S)r=clp(S) N { Bi(p — q), 7BL(p — q) |
(p—>q) €ER,i€{a, b}, teTH]:.

dynamic belief extension

Let A = (g, Mp) be a dialogue where ', = (AF, S;) and

My = (AF, Sp). A pair (E, F) is a dynamic o belief extension
(or 0-DBE for short) of A if

- E is a 0 extension of AF = (X,Y) where

X = AUclp(Sa)a;

Y = (XX X)NRp)\{(p = q) | 7"BL(p = q) € clp(Sa)r}-
- F is a 0 extension of AF = (X, Y) where

X = AU clp(Sp)a;

Y = (X x X)NRp) \ {(p — ) | "BY(p — q) € clo(So)r}- |




Example (1)

Consider a dialogue A = (g, 'p) with
Fe = (AF, {Bé('pa — Qb), Bépa}) and
Mo = (AF, {B;(Pa — Gb), BYab, BiPa})

where AF = ({Pa, av}, {(Pa, a)}).

@ At ¢ = 0, b makes an argument g» and she believes it.

@ At ¢ = 1, a makes a counter-argument p, with the
attack pa — g», and he believes them.

@ At t = 1, b also believes the argument p, and the
attack g — g».

B)ay By pa B} pa
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Example (2)

Blpe and B}(pa — q») imply =1 B2g, by (BC).

B;Pa and B, (pa — ab) imply = B;gy by (BC).

BJqy, implies Bia, by (IR).

Blp, and B,}pa respectively imply B2p, and nga by (IR).
Bl(pa — qb) and By (pa — qv) respectively imply B2(ps — qb)
and BZ(pa — @) by (IR).

Q Blg», does not imply BZg, by (IR) and (2).
As a result, A has the 0-DBE (E, F) such that

E = {Pa, BiDa, BQ'pa, ﬁBqu} and
F = {pa, B{ab, BLab, BtPa, BiPa, 7BZab}.

00000

Blpa Blpa Biap B2pa Blpq
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Consider a dialogue A = (g, 'p) with
Mo = (AF, {Bl('pa — Qv), _‘Blpa}) and
Mo = (AF, {Bi(Pa — ab), BPav, ByPa}).
The belief state of each agent is computed as follows.
©Q Bp. and Bl(pa — qv) imply - BZq, by (BC).
@Q BPq, implies Blas by (IR).
© —Blp, and B.p, respectively imply =B2p, and BZp, by (IR).
Q Bl(Pa — @) and B, (pa — qb) respectively imply B2(Ps — qb)
and BZ(pa — @) by (IR).
© Blgy, does not imply BZg, by (IR) and (1).
As a result, A has the 0-DBE (E, F) such that
= {—'Bam, —BZPa, qv} and
= {Pa, BYav, B¢ b, BiPa, BiDa, "B7as}.
As a result, b accepts the argument p, and a successfully
deceives b by Llying.




@ The AFB is used for representing belief states of
players and the audience of argumentation.

@ In two-persons dialogue, AFB can distinguish belief
states of (in)sincere players. Belief change of a player
is represented by dynamic belief extensions that can
also model deceptive dialogues.

@ Inner conflicts of an agent are expressed using nested
beliefs, and self-deception is realized by belief
extensions of AF with nested belief (AFNB).

@ An interesting research issue is to represent and reason
about argument and belief using structured
argumentation.



