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Abstract

In this paper we give definitions and pre-conditions to allow for the represen-
tation of a previously specified theory of persuasion over action by the authors to
be used in multi agent systems.

1 Introduction

In [1] and [2] we presented a presumptive argument scheme with attacks to enable
participants engaged in a dialogue to argue about the justification for a proposed course
of action. Here we set out the pre-conditions and the form which the argument will take,
which embodies the attacks. This formalism can then be used to program autonomous
agents to reason and argue about practical action, in accordance with our theory.

2 Definitions

We now present the definitions of how an agent can put forward a position regarding
the justification of an action, in accordance with our theory.

Definition 1: The Beliefs of an Agent.The beliefs of an Agent J is a four tuple<WJ ,
AJ , DJ , VJ> where,

WJ represents beliefs of Agent J about the world;
AJ represents beliefs of Agent J about actions;
DJ represents beliefs about the desires of Agent J;
VJ represents beliefs about the values of Agent J;
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Definition 2: Beliefs about the World.The beliefs about the world of Agent J is a set
of triples<p, certpJ , t> where,

p is a proposition; certpJ = -1≤ certpJ ≤ 1; t is a time.

We interpret this as J has certpJ regarding p at time t. If certpJ = -1, J believes p
to be definitely false, if certpJ = 1, J believes p to be definitely true, and if certpJ

= 0, J has no opinion as to the truth of p.

Let M denote the set of all agents in the system and T the set of all times.

The set P denotes the set of all p such that<p, certpJ , t> ∈ WJ for some agent
J∈ M and some time t∈ T.

Definition 3: Beliefs about Actions.The beliefs about action of Agent J is a set of
triples<a, PreaJ , PostaJ> where,

action ais an action; PreaJ is a set of pairs<p, thresholdpJ> and PostaJ is a set
of pairs<p, truthpJ>, -1≤ thresholdpJ ≤ 1, and -1≤ truthpJ ≤ 1.
PreaJ is a set of preconditions foraction arecognised by agent J. The interpreta-
tion is that J believes thataction acan be performed at t if all elements of PrepJ

are satisfied with respect to WJ at t.

<p, thresholdpJ> is satisfied with respect to WJ if <p, certpJ , t> and if thresholdpJ

> 0, then certpJ≥ thresholdpJ , else if thresholdpJ < 0, certpJ≤ thresholdpJ . J
believes that ifaction a is performed at t, then for all<p, truthpJ> ∈ PostaJ ,
<p, truthpJ , t+1> will be an element of WJ .

WJa is the state of the world that J believes will result from performingaction
a.

Additionally, J mayassumethataction acan be performed at t if all elements of
PreaJ can beassumed to be satisfiedwith respect to WJ at t. <p, thresholdpJ>
can be assumed satisfied with respect to WJ if <p, certpJ , t> and if thresholdpJ

> 0, then certpJ≥ 0 and if thresholdpJ < 0, certpJ≤ 0.

The set A denotes the set of all actions such that<a, PreaJ , PostaJ> ∈ AJ for
some agent J∈ M.

Definition 4: Desires of an Agent.The desires of an Agent J is a set of pairs<d,
ConddJ> such that,

d is a desire and ConddJ is a set of pairs<p, thresholdpJ>. The interpretation is
that J believes that d is satisfied at t if ConddJ is satisfied with respect to WJ at
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t. The notions of satisfaction and assumed satisfaction for ConddJ is the same as
that for PreaJ .

The set D denotes the set of all desires such that<d, ConddJ> ∈ DJ for some
agent J∈ M.

Definition 5: Values of an Agent.The values of an Agent J is a set of triples<v, d,
promvJ> such that,

v is a value,
d is a desire,
promvJ a number -1≤ promvJ ≤ 1, representing the degree to which the satis-
faction of d promotes v.

The set V denotes the set of all values such that<v, d, promvJ> ∈ VJ for some
agent J∈ M.

Definition 6: Let satA(Formula, WJ ) be true if Formula can be assumed to be satisfied
with respect to WJ .

Let satS(Formula, WJ ) be true if Formula can be satisfied with respect to WJ .

Now J has a presumptive argument foraction aat time t if:

there is an<a, PreaJ , PostaJ> ∈ AJ such that:
satA(PreaJ , J) at t;
satA(ConddJ , J) at t+1 and
ConddJ will be satisfied at t+1 with respect to WJ ;
there is a<v, d, promvJ>, such that promvJ > 0.

The position is expressed as:

In circumstances r, where each r∈ R is the first term in each element of PreaJ ,
Performingaction a,
Will result in s, where each s∈ S is the first term in each element of PostaJ ,
Which will realise d,
Which promotes v.
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3 Attacks

We now present a formalism showing how the initial position for the justification of an
action can be attacked, in accordance with our theory.

There is an attacking agent K∈ M such that<WK , AK , DK , VK> and agent K
may attack the position put forward by agent J using the set of attacks subject to the
following conditions:

Source CQ: Are the believed circumstances true? (CQ1).

Attack 1a: Pre-conditions for AK to make an attack:
satA(PreaK , WK) and,
not satS(PreaK , WK).

Argument:p may not be true.

Attack 1b: Pre-conditions for AK to make an attack:
not satA(PreaK , WK).

Argument:p is not true.

Source CQ: Assuming the circumstances are true, does the action have the stated con-
sequences? (CQ2).

Attack 2a: Pre-conditions for AK to make an attack:
satA(PostaK , WK) and,
not satS(PostaK , WK).

Argument: action amay not have the desired consequences.

Attack 2b: Pre-conditions for AK to make an attack:
not satA(PostaK , WK).

Argument: action awill not have the desired consequences.

Attack 2c: Pre-conditions for AK to make an attack:
not satA(PostaK , WK) and,
for no<d, ConddK> does satA(ConddK , WKa) hold.
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Argument: action awill not have the desired consequences.

Attack 2d: Pre-conditions for AK to make an attack:
not satA(PostaK , WK) and,
satA(ConddK , WKa) and,
<v, d, promvK> and,
promvK ≤ 0.

Argument: action awill not have the desired consequences.

Attack 2e: Pre-conditions for AK to make an attack:
not satA(PostaK , WK) and,
satA(ConddK , WKa) and,
<v, d, promvK> and,
promvK < 0.

Argument: action awill not have the desired consequences.

Attack 2f: Pre-conditions for AK to make an attack:
not satA(PostaK , WK) and,
satA(ConddK , WKa) and,
there is a w, w6= v such that<w, d, promwK> and,
promwK > 0.

Argument:action awill not have the desired consequences.

Attack 2g: Pre-conditions for AK to make an attack:
not satA(PostaK , WK) and,
satA(ConddK , WKa) and,
there is a w, w6= v such that<w, d, promwK> and,
promwK < 0.

Argument: action awill not have the desired consequences.

Source CQ: Assuming the circumstances are true and the actions has the stated con-
sequences, will the action bring about the desired goal? (CQ3).

Attack 3a: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold.
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Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Attack 3b: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold and,
for some e, e6= d, satA(CondeK , WKa).

Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Attack 3c: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold and,
for some e, e6= d, satA(CondeK , WKa) and,
<v, e, promvK> and,
promvK > 0.

Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Attack 3d: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold and,
for some e, e6= d, satA(CondeK , WKa) and,
<v, e, promvK> and,
promvK < 0.

Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Attack 3e: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold and,
for some e, e6= d, satA(CondeK , WKa) and,
there is a w, w6= v such that<w, e, promwK> and,
promwK > 0.

Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Attack 3f: Pre-conditions for AK to make an attack:
for no< d, ConddK> does satA(ConddK , WKa) hold and,
for some e, e6= d, satA(CondeK , WKa) and,
there is a w, w6= v such that<w, e, promwK> and,
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promwK < 0.

Argument:the state of affairs resulting from performing the action will not bring
about the goal.

Source CQ: Does the goal realise the value intended? (CQ4).

Attack 4a: Pre-conditions for AK to make an attack:
<v, d, promvK> and,
promvK ≤ 0.

Argument:the goal may not promote the value.

Attack 4b: Pre-conditions for AK to make an attack:
<v, d, promvK> and,
promvK < 0.

Argument:the goal will not promote the value.

Attack 4c: Pre-conditions for AK to make an attack:
<v, d, promvK> and,
promvK ≤ 0 and,
there is a w, w6= v such that<w, d, promwK> and,
promwK > 0.

Argument:the goal will not promote the value.

Attack 4d: Pre-conditions for AK to make an attack:
<v, d, promvK> and,
promvK ≤ 0 and,
there is a w, w6= v such that<w, d, promwK> and,
promwK < 0.

Argument:the goal will not promote the value.

Source CQ: Are there alternative ways of realising the same consequences? (CQ5).

Attack 5: Pre-conditions for AK to make an attack:
satA(PrebK , WK) and,
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satA(PostaK , WKb) and b6= a.

Argument: there is an alternative action which will realise the same conse-
quences.

Source CQ: Are there alternative ways of realising the same goal? (CQ6).

Attack 6: Pre-conditions for AK to make an attack:
satA(PrebK , WK) and,
satA(ConddK , WKb) and b6= a.

Argument:there is an alternative action which will realise the same goal.

Source CQ: Are there alternative ways of promoting the same values? (CQ7).

Attack 7a: Pre-conditions for AK to make an attack:
satA(PrebK , WK) and,
for some e, e6= d, satA(CondeK , WKb) and b6= a and,
<v, e, promvK> and,
promvK > 0.

Argument: there is an alternative action, leading to an alternative goal, which
will promote the value.

Attack 7b: Pre-conditions for AK to make an attack:
satA(CondeK , WKa), e 6= d and,
<v, e, promvK> and,
promvK > 0.

Argument: action ahas a side effect which satisfies an alternative goal, which
promotes the value.

Source CQ: Does doing A have a side effect which demotes the value V? (CQ8).

Attack 8: Pre-conditions for AK to make an attack:
satA(CondeK , WKa), e 6= d and,
<v, e, promvK> and,
promvK < 0.
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Argument: action ahas a side effect which satisfies an alternative goal, which
demotes the value.

Source CQ: Does doing A have a side effect which demotes some other value? (CQ9).

Attack 9: Pre-conditions for AK to make an attack:
satA(CondeK , WKa), e 6= d and,
there is a w, w6= v such that<w, e, promwK> and,
promwK < 0.

Argument: action ahas a side effect which satisfies an alternative goal, which
demotes some other value.

Source CQ: Would doing A promote some other value? (CQ10).

Attack 10: Pre-conditions for AK to make an attack:
satA(CondeK , WKa), e 6= d and,
there is a w, w6= v such that<w, e, promwK> and,
promwK > 0.

Argument: action ahas a side effect which satisfies an alternative goal, which
promotes some other value.

Source CQ: Does doing A preclude some other action which would promote some
other value? (CQ11).

Attack 11a: Pre-conditions for AK to make an attack:
satA(PreaK , WK) and,
satA(CondeK , WKb), e 6= d and,
there is a w, w6= v such that<w, e, promwK> and,
promwK > 0 and,
not satA(PreaK , WKb) and,
not satA(PrebK , WKa).

Argument: doing action aprecludes some other action which would promote
some other value.

Attack 11b: Pre-conditions for AK to make an attack:
there is a w, w6= v such that<w, e, promwK> and,
promwK > 0 and,
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for no<e, CondeK> does satA(CondeK , WKa) hold.

Argument:there is some other goal, which promotes some other value, but the
goal is not derivable from the state of affairs s.

Attack 11c: Pre-conditions for AK to make an attack:
there is no e,<e, CondeK> such that
for w, w 6= v, <w, e, promwK> and,
promwK > 0 and,
satA(CondeK , WKa).

Argument: if there is some other goal, which promotes some other value, then
this goal is not derivable from the state of affairs s.

Source CQ: Are the believed circumstances possible?

Attack 12: Pre-conditions for AK to make an attack:
it is not the case that<a, PreaK , PostaK> ∈ AK .

Argument:r is not a possible state of affairs.

Source CQ: Is it possible to do action A?

Attack 13: Pre-conditions for AK to make an attack:
for some<p, certpJ , t> ∈ PreaJ , <p, certpK , t> /∈ WK .

Argument: action ais not a possible action.

Source CQ: Is the situation S, believed by agent J to result from doing A, a possible
state of affairs?

Attack 14: Pre-conditions for AK to make an attack:
for some<p, certpJ , t> ∈ PostaJ , <p, certpK , t> /∈ WKa.

Argument:s is not a possible state of affairs.

Source CQ: Are the particular aspects of S represented by G possible?
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Attack 15: Pre-conditions for AK to make an attack:
<d, ConddK> /∈ DK .

Argument:g is not a possible goal.

Source CQ: Is the value proposed indeed a legitimate value?

Attack 16: Pre-conditions for AK to make an attack:
<v, d, promvK> /∈ VK .

Argument:v is not a possible value.
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