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Abstract. This paper proposes an argumentation-based protocol for resolving
conflicts between agents. These agents use assumption-based argumentation in
which arguments are built from a set of rules and assumptions using backward
deduction. Beyond arguments agents can handle, we propose the notion of par-
tial arguments along with partial attack and partial acceptability. These notions
allow agents to reason about partial information. Unlike existing protocols, this
protocol merges inquiry and persuasion stages. In addition, by building and rea-
soning about partial arguments, agents can jointly find arguments supporting a
new solution for their conflict, which is not known by any of them individu-
ally. Furthermore, during persuasion, agents can acquire new beliefs and drop
attacked ones. The protocol is formally specified as a set of simple dialogue rules
about which agents can reason using argumentation. We also provide termination,
soundness and completeness results of the proposed protocol.

1 Introduction

In recent years, argumentation has been used in many applications such as legal reason-
ing, automatic negotiation, persuasion, online debates, medical applications, and Web
services [19]. In multi-agent systems, some interesting argumentation-based protocols
for persuasion and inquiry have been proposed. [2] proposes the Persuasive Argument
for Multiple Agents (PARMA) Protocol, which enables participants to propose, attack,
and defend an action or course of actions. This protocol is specified using logical conse-
quence and denotational semantics, which maps statements in the syntax to mathemat-
ical entities. The focus of this work is more about the semantics of the protocol rather
than the dynamics of interactions. [4] proposes a dialogue-game inquiry protocol that
allows two agents to share knowledge in order to construct an argument for a specific
claim. The protocol is declaratively specified as a function that returns the set of legal
moves. A strategy function is also specified to allow an agent to select exactly one of
the legal moves to make. This protocol considers only pure inquiry where no conflicting
goals are identified. In the context of agent communication, [17] proposes an alternative
view on argumentation and persuasion using a coherence theory. Argument generation,
evaluation and integration within this theory are discussed in a pragmatic way. How-
ever, no protocol about using the proposed framework has been specified. [6] develops
a dynamic, situation calculus-based argumentation model in which protocols describe,
in a declarative way, which speech acts are legal in a particular state. The model is used
to analyze a formal disputation. Except the [4]’s protocol, the others do not consider
agents’ strategies and the correctness and completeness properties are not discussed.

19

Administrator
Typewritten Text

Administrator
Typewritten Text
KR2008-Workshop on KnowledgeRepresentation for Agents and Multi-Agent Systems, pp. 19-35



In a series of papers, researchers from Toulouse and Liverpool have developed an
approach to specify persuasion and inquiry protocols. Particularly [16] uses proposi-
tional logic to define the underlying argumentation framework and only three locutions
have been used in these protocols: Assert, Accept, and Challenge. The purpose is mainly
to discuss the pre-determinism issue (i.e. to what extent the outcomes of dialogues are
predetermined when using these protocols). The idea is to check if these outcomes are
determined by agents’ knowledge and the order agents utter locutions. The authors show
that these protocols are not complete in the sense that the generated dialogues are not
pre-determined. Also, agents’ strategies on how to use the protocols are not considered,
and persuasion and inquiry are dealt with as two different protocols without connection
between them. [18] proposes formal dialogue games for persuasion protocols where
arguments are assumed to be trees of deductive and/or defeasible inferences. Each di-
alogue move either attacks or surrenders to some earlier move of the addressee. The
motivation of the framework is to ensure coherence and flexibility of dialogues. The
protocol notion is specified as a function defining the legal moves, and the framework
does not consider the agents’ strategies.
All the protocols defined in the aforementioned proposals are either pure persua-

sion or pure inquiry. Also, the proposed persuasion protocols are not complete in the
sense of pre-determinism. Except a few proposals such as [4], the notion of agents’
strategies on how to use these protocols is disregarded. The purpose of this paper is
to address these limitations. The contribution of this work is the proposition of a new
sound and complete protocol combining persuasion and inquiry for conflict resolution.
Agents use assumption-based argumentation in which arguments are built from a set
of rules and assumptions using backward deduction. This protocol is different from all
the aforementioned proposals in many points. It is operationally specified as simple if-
then rules with conditions whose values determine the reply an agent can perform. The
agent strategy is used when evaluating these conditions based on private agents’ beliefs
and publicly exchanged information between communicating agents. The whole pro-
tocol can be built by simply combining these rules. In addition, there are two original
ideas behind it: (1) the notion of partial arguments and their “acceptability” statuses
allowing agents to reason about incomplete information; and (2) the combination of
persuasion and inquiry allowing agents to jointly find out new solutions for their con-
flicts that cannot be found by any of them individually. Consequently, new solutions
can emerge by exchanging arguments and partial arguments, which allows resolving
the problem of pre-determinism.
Section 2 presents the argumentation model and the notions of partial arguments and

conflicts. Section 3 presents the protocol specification along with the different dialogue
rules and strategies, and discusses its properties. Section 4 gives an illustrative example
of the protocol. Section 5 concludes the paper by discussing some related work.

2 Argumentation Model

2.1 Language and Background

This section discusses the key elements of the formal argumentation system. Many ar-
gumentation systems have been proposed in the literature such as the abstract argumen-
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tation [10], logic-based argumentation [1, 3, 16], preference value-based argumentation
[13], logic-programming-based argumentation [14, 12], and facts and rules-based argu-
mentation [4] (see [7] for a survey). In this paper, we use assumption-based argumen-
tation adapted from [5] and [8]. Assumption-based argumentation has been proven to
be a powerful mechanism to understand commonalities and differences amongst many
existing frameworks for non-monotonic reasoning, including logic programming [5].
This framework is built upon Dung’s abstract argumentation by instantiating the primi-
tive notions of argument and attack using notions of deductive system and correspond-
ing deductions, assumptions and contrary of assumptions. Mechanisms for computing
Dung’s argumentation semantics [10] have been developed for this framework with
some computational advantages, particularly in terms of avoiding re-computation by
filtering out assumptions that have already been defended or defeated [9].
We use a formal language L to express agents’ beliefs. This language consists of

countably many sentences (or wffs). Also, the language is associated with an abstract
contrary mapping like the one used in [11] (the negation is an example of this mapping,
so the contrary of p is ¬p). We do not assume this mapping to be necessarily symmet-
ric. x̄ denotes an arbitrary contrary of a wff x. By arbitrary we mean we do not need
to specify this contrary. Agents build arguments using their beliefs. The set Arg(L)
contains all those arguments.

Definition 1 (Argumentation Framework). An assumption-based argumentation frame-
work is a tuple

〈L,R,A,−
〉
where:

– (L,R) is a deductive system, with a countable setR of inference rules,
– A ⊆ L is a (non-empty) set, whose elements are referred to as assumptions,
– − is a total mapping fromA into 2L−∅, where −α is the non-empty set of contraries
of α and ᾱ is an arbitrary contrary of α (ᾱ ∈− α).

Wewill assume that the inference rules inR have the form: c0 ← c1, . . . , cn with n > 0
or the form c0 where each ci ∈ L (i = 0, . . . , n).
c0 is referred to as the head and c1, . . . , cn as the body of a rule c0 ← c1, . . . , cn. The
body of a rule c0 is considered to be empty. We will restrict attention to flat assumption-
based frameworks, such that if c ∈ A, then there exists no inference rule of the form
c ← c1, . . . , cn ∈ R. Before defining the notions of argument and attack relation, we
give here a formal definition of the backward deduction that is used in this framework.
The backward deduction can be represented by a top-down proof tree linking the

conclusion to the assumptions. The root of the tree is labelled by the conclusion and
the terminal nodes are labelled by the assumptions. For every non-terminal node in the
tree, there is an inference rule whose head matches the sentence labelling the node. The
children of the node are labelled by the body of the inference rule. Consequently, the
backward deduction can be represented as a set of steps S1, . . . , Sm and in each step
we have a set of sentences to which we can apply inference rules because each sentence
matches the head of a rule. From each step to the next one, the procedure consists of
selecting one sentence and replacing it, if the sentence is not an assumption, by the
body of the corresponding inference rule. The selection strategy is represented by the
following function:

SS : Step → L
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where Step = {S1, . . . , Sm}

Definition 2 (Backward Deduction).Given a deduction system (L,R) and a selection
strategy function SS, a backward deduction of a conclusion c from a set of assumptions
X is a finite sequence of sets S1, . . . , Sm, where S1 = {c}, Sm = X , and for every
1 ≤ i < m:
1. If SS(Si) /∈ X then Si+1 = Si−{SS(Si)}∪B for some inference rules of the form
SS(Si) ← B.
2. Otherwise, Si+1 = Si.

Definition 3 (Argument). Let X ⊆ A be a consistent subset of assumptions (i.e. X
does not include a formula and one of its contraries), and let c be a sentence in L. An
argument in favor of c is a pair (X, c) such that c is obtained by the backward deduction
from X . c is called the conclusion of the argument.

In the rest of the paper, arguments will be denoted as pairs (X, c) when the set
of premises is needed for our analysis. Otherwise, arguments will be simply denoted
by a, b, d, . . . . The notion of conflicts between arguments is captured via the attack
relation. The attack relation we define here is more general than the one used in the
original assumption-based argumentation in the sense that we allow attacking, not only
the assumptions, but also the conclusion of the argument.

Definition 4 (Attack Relation). Let Ar ⊆ Arg(L) be a set of arguments over the
argumentation framework. The attack relation between argumentsAT ⊆ Ar×Ar is a
binary relation over Ar that is not necessarily symmetric. An argument (X, c) attacks
another argument (X ′, c′) denoted by AT ((X, c), (X ′, c′)) iff c is a contrary of c′ or c
is a contrary of a sentence c′′ ∈ X ′.

In our protocol (Section 3), by using this attack relation, agents can try to win the
dispute by trying different arguments for the same conclusion. For example, if an as-
sumption is attacked, and cannot be defended, the agent can try to defend the conclusion
using another assumption.
As conflicts between arguments might occur, we need to define what an acceptable

argument is. Different semantics for argument acceptability have been proposed in [10].
These are stated in definitions 5, 6, 7, and 8.

Definition 5 (Defense). Let Ar ⊆ Arg(L) be a set of arguments over the argumen-
tation framework, and let S ⊆ Ar. An argument a is defended by S iff ∀ b ∈ Ar if
AT (b, a), then ∃ c ∈ S : AT (c, b).

Definition 6 (Admissible Set). Let Ar ⊆ Arg(L) be a set of arguments over the argu-
mentation framework. A set S ⊆ Ar of arguments is admissible iff:
1) � a, b ∈ S such that AT (a, b) and
2) ∀a ∈ S a is defended by S.

In other words, a set of arguments is admissible iff it is conflict-free and can counter-
attack every attack.
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Definition 7 (Characteristic Function). Let Ar ⊆ Arg(L) be a set of arguments and
let S be an admissible set of arguments. The characteristic function of the argumenta-
tion framework is:

F : 2Ar → 2Ar

F (S) = {a | a is defended by S}
Definition 8 (Acceptability Semantics). Let S be an admissible set of arguments, and
let F be the characteristic function of the argumentation framework.

– S is a complete extension iff S = F (S).
– S is the grounded extension iff S is the minimal (w.r.t. set-inclusion) complete ex-
tension ( the grounded extension corresponds to the least fixed point of F ).

– S is a preferred extension iff S is a maximal (w.r.t. set-inclusion) complete exten-
sion.

Now we can define what are the acceptable arguments in our system.

Definition 9 (Acceptable Arguments). Let Ar ⊆ Arg(L) be a set of arguments, and
let G be the grounded extension in the argumentation framework. An argument a over
Ar is acceptable iff a ∈ G.

According to this acceptability semantics, which is based on the grounded exten-
sion, if we have two arguments a and b such that AT (a, b) and AT (b, a), then a and b
are both non-acceptable. This notion is important in persuasion dialogues since agents
should agree on an acceptable opinion, which is supported by an acceptable argument
when a conflict arises. However, during the argumentative conversation, agents could
use non-acceptable arguments as an attempt to change the status of some arguments
previously uttered by the addressee, from acceptable to non-acceptable. This idea of
using non-acceptable arguments in the dispute does not exist in the persuasion and
inquiry protocols in the literature. For this reason, we introduce two new types of argu-
ments based on the preferred extensions to capture this notion. We call these arguments
semi-acceptable and preferred semi-acceptable arguments.

Definition 10 ((Preferred) Semi-Acceptable Arguments). LetG be the grounded ex-
tension in the argumentation framework, and letE1, . . . , En be the preferred extensions
in the same framework. An argument a is:

– Semi-acceptable iff a /∈ G and ∃Ei, Ej with (1 ≤ i, j ≤ n) such that a ∈ Ei∧a /∈
Ej .

– Preferred semi-acceptable iff a /∈ G and ∀Ei (1 ≤ i ≤ n) a ∈ Ei.

In other words, an argument is semi-acceptable iff it is not acceptable and belongs
to some preferred extensions, but not to all of them. An argument is preferred semi-
acceptable iff it is not acceptable and belongs to all the preferred extensions. Preferred
semi-acceptable arguments are stronger than semi-acceptable and grounded arguments
are the strongest arguments in this classification.

Proposition 1. the arguments defending themselves by only themselves against all the
attackers (the set of attackers is supposed to be non-empty) are semi-acceptable.
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Definition 11 (Eliminated Arguments). An argument is eliminated iff it does not be-
long to any preferred extension in the argumentation framework.

We can easily prove that an argument is eliminated iff it is not acceptable, not pre-
ferred semi-acceptable, and also not semi-acceptable. Consequently, arguments take
four exclusive statuses namely acceptable, preferred semi-acceptable, semi-acceptable,
and eliminated. The dynamic nature of agents interactions is reflected by the changes in
the statuses of uttered arguments. Let us now define the notions of conflict and conflict
resolution.

Definition 12 (Conflicts). Let α and β be two argumentative agents and AFα and
AFβ their respective argumentation frameworks. These two frameworks share the same
contrary relation and the same rules, but not necessarily the same assumptions. There is
a conflict between α and β iff one of them (e.g., α) has an acceptable argument (X, c)
relative to AFα and the other (i.e., β) has an acceptable argument (X ′, c̄) relative to
AFβ . We denote this conflict by αc � βc̄ (c̄ ∈− c).

For example, in an e-business setting if c and c̄ represent each a security policy
s1 and s2 such that s1 and s2 cannot be used together, then there is a conflict if one
agent has an acceptable argument for using s1 while the other agent has an acceptable
argument for using s2. This conflict arises when both agents need to agree on which
security policy to use. For simplification reasons and when the set of assumptions is not
needed for our analysis, an argument a supporting a conclusion c will be denoted a ↑ c.

Definition 13 (Conflicts Resolution). A conflict between two agents is resolved after
interaction iff they agree on a solution which is supported by an acceptable argument
for both agents.

In the aforementioned security example, the conflict is resolved iff (i) after interac-
tion, one of the agents can build an acceptable argument from its knowledge base and
the arguments exchanged during this interaction, supporting the use of the other pol-
icy, or (ii) when both agents agree on the use of a new policy such that each agent can
build an acceptable argument, from its knowledge base and the exchanged arguments,
supporting the use of this policy. The idea here is that by exchanging arguments, new
solutions (and arguments supporting these solutions) can emerge. In this case, agents
should update their beliefs by withdrawing attacked (i.e. eliminated) assumptions. How-
ever, there is still a possibility that each agent keeps its viewpoint at the end of the
conversation.

2.2 Partial Arguments

The outcome of an interaction aiming to resolve a conflict depends on the status of the
formula representing the conflict topic. As for arguments, a wff has four statuses de-
pending on the statuses of the arguments supporting it (an argument supports a formula
if this formula is the conclusion of that argument). A wff is acceptable if there exists an
acceptable argument supporting it. If not, and if there exists a preferred semi-acceptable
argument supporting it, then the formula is preferred semi-acceptable. Otherwise, the
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formula is semi-acceptable if a semi-acceptable argument supporting it exists, or elim-
inated if such an argument does not exist. Let St be the set of these statuses. We define
the following function that returns the status of a wff with respect to a set of arguments:

Δ : L × 2Ar → St

To resolve conflicts, it happens that agents do not have complete information on
some facts. In similar situations, they can build partial arguments for some conclusions
out of their beliefs. We define a partial argument as follows:

Definition 14 (Partial Arguments). LetX ⊆ A be a consistent subset of assumptions,
and c a sentence in L. A partial argument in favor of c is a pair denoted by (X, c)∂ such
that ∃Y ⊆ A (Y = ∅) and (X ∪ Y, c) is an argument.

Example 1. L = {p, q, r, t, m}, R = {p ← q, r; p ← q, t, m}, A = {q, r, t,m}.
({q}, p)∂ is a partial argument.

Because agents can use different sets of rules to build the same argument, it is
clear that there are may be several sets of assumptions leading to this argument. Con-
sequently, the set Y in Definition 14 is not unique. Agents can identify a set Y by
identifying possible rules leading to the conclusion. When we need to refer to a given
set Y (which is missing to complete the argument), we use the notation (X, c)Y∂ .

Example 2. The partial argument presented in example 1 can be completed by the
assumption r or by the assumptions t and m. They can be denoted respectively by:
({q}, p){r}∂ and ({q}, p){t,m}∂

The idea behind building partial arguments is that in some situations, agents have
partial information to build arguments for some conclusion, and the missing information
can be obtained through interactions. If an agent misses a set of assumptions, it can
check if the other agent can provide the missing part or a part of this missing part
so that the complete argument could be jointly built progressively. This issue, already
identified in [4], is a part of the inquiry dialogue and will be made clear in the protocol
we define in the next section.
In the security scenario presented above, an example where partial arguments are

needed is when the agent defending the security policy s1 knows that the security policy
s2 that the other agent uses can be substituted by policy s1 if some conditions are met
when deploying s2. Thus, this agent can build a partial argument supporting the fact
that the second agent can use s1. To be an argument, this partial argument needs the
assumptions that implementing s2 by the second agent meets these conditions.
As for arguments, we need to define the status of partial arguments. Our idea here,

which is different from what is proposed in [4], is that if, considering the information
an agent has at the current moment, there is no chance for the partial argument to be
acceptable or at least to change the status of already uttered arguments, then there is no
need to try to build such a partial argument. When the internal structure of these partial
arguments is not needed, we use the notations a∂ and aY∂ to denote a partial argument
and a partial argument that can be completed by the set Y of assumptions respectively.
The argument obtained by adding the assumptions Y to the partial argument aY∂ is
denoted by aY∂ .Y . The following definitions establish the status of partial arguments.
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Definition 15 (Partial Attack). -

– AT (aY∂ , b) iff AT (aY∂ .Y, b)
– AT (b, aY∂ ) iff AT (b, aY∂ .Y )
– AT (aY∂ , bY

′
∂ ) iff AT (aY∂ .Y, bY

′
∂ .Y ′)

In words, a partial argument aY∂ attacks (is attacked by) an argument b iff aY∂ .Y attacks
(is attacked by) b. Also, a partial argument aY∂ attacks another partial argument bY

′
∂ iff

aY∂ .Y attacks bY
′

∂ .Y ′.

Definition 16 (Status of Partial Arguments). A partial argument aY∂ is acceptable
((preferred) semi-acceptable, eliminated) iff aY∂ .Y is acceptable ((preferred) semi-acceptable,
eliminated).

Example 3. L = {p, q, r, r̄, s, t, u, }, R = {p ← q; s ← r; t ← s; r̄ ← u}, A =
{q, r, u}.
The partial argument (∅, p){q}∂ is acceptable. However the partial argument (∅, t){r}∂ is
not acceptable since the argument ({u}, r̄) attacks the argument ({r}, t).
Agents should consider the status of their partial arguments before using them. For

example, if an agent has a partial argument aY∂ and by supposing that the assumptions in
the set Y are true, the resulting argument aY∂ .Y is already eliminated by considering the
arguments already uttered, there is no need to try to establish these assumptions. How-
ever, if this is not the case, the agent will ask the addressee about these assumptions.
Also, if an agent has an acceptable partial argument for (resp. against) a conclusion,
and an acceptable argument against (resp. for) this conclusion, this agent will utter its
acceptable argument only if the acceptable partial argument cannot emerge from the
interaction. The motivation behind this general rule is that if the partial argument is ac-
ceptable, then if it becomes a complete argument (by establishing the missing assump-
tions), the status of the existing acceptable argument will change to non-acceptable. So,
the agent should consider first the partial acceptable argument.

3 Protocol for Resolving Conflicts

3.1 Agent Configuration

For simplification reason, we suppose that only two agents take part in the argumen-
tative conversation to resolve their conflict. We denote participating agents by α and
β. Agents share the same set of rules and each agent has a possibly inconsistent belief
base Aα and Aβ respectively containing assumptions, where Aα ∪ Aβ = A the set of
assumptions in the argumentation framework.
Agents use their argumentation systems to decide about the next move to play

(e.g., accept or attack the arguments uttered during their interactions). Agents strate-
gies are based on these systems. When an agent accepts an argument that an addressee
suggests, this agent updates its knowledge base by adding the elements of this argu-
ment and removing all the elements that attack this argument. Each agent α has also a
commitment store (CSα) publicly accessible for reading but only updated by the owner
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agent. Our protocol is to be used when a conflict is identified, for example as an out-
come of a previous interaction. Consequently, when the protocol starts, the commitment
stores of the two agents contain conflicting information. For example, CSα = {p} and
CSβ = {p̄} where p is a wff representing the conflict topic. Commitment stores are up-
dated by adding arguments and partial arguments that the agents exchange. CSα refers
to the commitment store of agent α at the current moment.
The possibility for an agent α to build an acceptable argument a (respectively an

acceptable partial argument aY∂ ) from its knowledge base and the commitment store of
the addressee β is denoted by AR(Aα ∪ CSβ) � a (respectively AR(Aα ∪ CSβ) �
aY∂ ). AR(Aα ∪ CSβ) � a (respectively AR(Aα ∪ CSβ) � aY∂ ) means that agent
α cannot build an acceptable argument a (respectively an acceptable partial argument
aY∂ ) from Aα ∪CSβ . For simplification reason, we associate the same symbols (� and
�) with (partial) preferred semi-acceptable and (partial) semi-acceptable arguments.
However, agents consider first (partial) preferred semi-acceptable arguments.

3.2 Protocol Rules

In our framework, agents engage in persuasion and inquiry dialogues to resolve con-
flicts. We propose a persuasion-inquiry protocol, in which pre-determinism is consid-
ered. The protocol is modeled using a set of simple dialogue rules governing interac-
tions between agents, in which each agent moves by performing utterances. These rules
that correspond to dialogue games [15] are expressed as simple if-then rules that can
be easily implemented. In this section, we define the notion of protocol and specify the
protocol rules.

Definition 17 (Protocol). A protocol is a pair 〈C,D〉 with C a finite set of allowed
moves and D a set of dialogue rules.

The moves in C are of n different types (n > 0). We denote byM i(α, β, a, t) a move
of type i played by agent α and addressed to agent β at time t regarding a content a. We
consider four types of moves in our protocol: Assert, Accept, Attack, and Question.
Generally, in the persuasion protocol agents exchange arguments. Except theQuestion
move whose content is not an argument, the content of other moves is an argument a
(a ∈ Arg(L)). When replying to a Question move, the content of Assert move can
also be a partial argument or “?” when the agent does not know the answer. We use
another special move Stop with no content. It could be played by an agent to stop the
interaction.
Intuitively, a dialogue rule in D is a rule indicating the possible moves that an agent

could play following a move done by an addressee. To make agents deterministic, we
specify these rules using conditions that reflect the agents’ strategies. Each condition
Cj is associated with a single reply. This is specified formally as follows:

Definition 18 (Dialogue Rule). A dialogue rule is either of the form:
∧

0<k≤ni
j∈J

(
M i(α, β, a, t) ∧ Ck ⇒M j

k(β, α, ak, t
′)
)
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where J is the set of move types,M i andM j are in C (M j
k is the kth move of type j),

t < t′ and ni is the number of allowed communicative acts that β could perform after
receiving a move of type i from α; or of the form:

∧

0<k≤n
j∈J

(
Ck ⇒ M j

k(α, β, ak, t0)
)

where t0 is the initial time and n is the number of allowed moves that α could play
initially.

In order to guarantee determinism and deadlock freedom, conditions Cj need to be
mutually exclusive and exhaustive. Agents use their argumentation systems to evaluate,
in a private manner, these conditions. These argumentation systems are based on the
private agents’ beliefs and public commitments recorded in the commitment stores.
To simplify the notations, we omit the time parameter from the moves and use the

notation ∪CS as an abbreviation of CSα ∪ CSβ . Also, Ar denotes the set of all argu-
ments that can be built by the two agents considering the union of there argumentation
frameworks (the union of assumption sets) and the fact that they share the same rules.
In our protocol, agents are not allowed to play the same move (with the same content)
more than one time. We specify the different dialogue rules of our protocol as follows:

1- Initial Rule

Cin1 ⇒ Assert(α, β, a)

where:

Cin1 = ∃ p, q ∈ L :
αp � βq ∧ AR(Aα) � a ∧ a ↑ p

The persuasion starts when a conflict is detected, for example as an outcome of a
previous interaction. There is a conflict in the sense that agent α supports p and agent β
supports q, a contrary of p. At first, one of the two agents asserts an acceptable argument
supporting its position. In the remainder of this section, we suppose that the persuasion
topic is represented by the wff p.

2- Assertion Rule

Assert(α, β, μ) ∧ Cas1 ⇒ Attack(β, α, b) ∧
Assert(α, β, ν) ∧ Cas2 ⇒ Question(β, α, Y ) ∧
Assert(α, β, ν) ∧ Cas3 ⇒ Accept(β, α, a) ∧
Assert(α, β, ν) ∧ Cas4 ⇒ Stop(β, α)

where μ is an argument or partial argument, ν is an argument, partial argument, or
“?” and:

Cas1 = Opat1as1 ∨ (¬Opat1as1 ∧Opat2as1)

28



Opat1as1 = ∃ b ∈ Ar : AR(Aβ ∪ CSα) � b
∧ Δ(p,∪CS) = Δ(p,∪CS ∪ {b})

Opat2as1 = ∃ b ∈ Ar : AR(Aβ ∪ CSα) � b
∧ Δ(p,∪CS) = Δ(p,∪CS ∪ {b})

Cas2 = ¬Cas1 ∧ (Opqu1
as2 ∨ (¬Opqu1

as2 ∧Opqu2
as2 ))

Opqu1
as2 = ∃ bY∂ , bY∂ .Y ∈ Ar : AR(Aβ ∪ CSα) � bY∂

∧ Δ(p,∪CS) = Δ(p,∪CS ∪ {bY∂ .Y })
Opqu2

as2 = ∃ bY∂ , bY∂ .Y ∈ Ar : AR(Aβ ∪ CSα) � bY∂
∧ Δ(p,∪CS) = Δ(p,∪CS ∪ {bY∂ .Y })

Cas3 = ∃ a ∈ Ar : AR(Aβ ∪ CSα) � a ∧ a ↑ p
∧ ¬Opqu1

as2 ∧ ¬Opqu2
as2

Cas4 = ¬Opat1as1 ∧ ¬Opqu1
as2 ∧ ¬Opqu2

as2 ∧ ¬Cas3

∧ ∀ b ∈ Ar, AR(Aβ ∪ CSα)� b ⇒
Δ(p,∪CS) = Δ(p,∪CS ∪ {b})

In this rule, the content of Assert could be an argument, partial argument, or “?”.
Indeed agents can use this move to assert new arguments in the initial rule or to re-
ply to a question in the question rule, which is a part of inquiry in our protocol. The
move that agent β can play as a reply to the Assert move depends on the content of
this assertion. When α asserts an argument or a partial argument, CSα gets changed
by adding the advanced (partial) argument. Agent β can attack agent α if β can gener-
ate an acceptable argument from its knowledge base and the α’s commitment store so
that this argument will change the status of the persuasion topic. Consequently, in this
protocol agents do not attack only the last uttered argument, but any uttered argument
during the interaction, which is still acceptable or (preferred) semi-acceptable (Opat1as1).
This makes the protocol more flexible and efficient (for example agents can try differ-
ent arguments to attack a given argument). If such an acceptable argument cannot be
generated, β will try to generate a (preferred) semi-acceptable argument changing the
status of p (Opat2as1 ). The idea here is that if β cannot make α’s arguments eliminated,
it will try to make them semi-acceptable or at least preferred semi-acceptable. This is
due to the following proposition whose proof is straightforward from the definition of
(preferred) semi-acceptable arguments.

Proposition 2. If β plays the Attack move with a semi-acceptable argument, then the
status of the persuasion topic changes from acceptable to preferred semi-acceptable or
semi-acceptable.

We notice that in the Assertion rule changing the status of p is a result of an attack
relation:

Proposition 3. In Assertion rule we have: ∀ b ∈ Ar,
Δ(p,∪CS) = Δ(p,∪CS ∪ {b}) ⇒ ∃ a ∈ ∪CS : AT (b, a).
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If β cannot play the Attack move, then before checking the acceptance of an α’s
argument, it checks if no acceptable and then no (preferred) semi-acceptable argument
in the union of the knowledge bases can attack this argument (inquiry part). For that, if
β can generate a partial argument changing the status of p, then it will question α about
the missing assumptions (Opqu1

as2 andOpqu2
as2 ). This new feature provides a solution to the

“pre-determinism” problem identified in [16]. If such a partial argument does not exist,
and if β can generate an acceptable argument supporting p, then it plays the Accept
move (Cas3).

Proposition 4. An agent plays the Accept move only if it cannot play the Attack move
and cannot play the Question move.

Proof. See Appendix
Agent β plays the Stop move when it cannot accept an α’s argument and cannot

attack it. This happens when an agent has a (preferred) semi-acceptable argument for p
and the other a (preferred) semi-acceptable argument against p, so the status of p in the
union of the commitment stores will not change by advancing the β’s argument (Cas4).
Finally, we notice that if the content of Assert move is “?”, β cannot play the Attack
move. The reason is that such an Assert is played after a question in the Question rule,
and agents play Question moves only if an attack is not possible. By simple logical
calculus, we can prove the following proposition:

Proposition 5. In the protocol, an agent plays the Stop move iff it cannot play another
move.

3- Attack Rule

Attack(α, β, a) ∧ Cat1 ⇒ Attack(β, α, b) ∧
Attack(α, β, a) ∧ Cat2 ⇒ Question(β, α, Y ) ∧
Attack(α, β, a) ∧ Cat3 ⇒ Accept(β, α, a) ∧
Attack(α, β, a) ∧ Cat4 ⇒ Stop(β, α)

where:

Cat1 = Opat1at1 ∨ (¬Opat1at1 ∧Opat2at1)
Opat1at1 = Opat1as1

Opat2at1 = Opat2as1

Cat2 = ¬Cat1 ∧ (Opqu1
at2 ∨ (¬Opqu1

at2 ∧Opqu2
at2 ))

Opqu1
at2 = Opqu1

as2
Opqu2

at2 = Opqu2
as2

Cat3 = AR(Aβ ∪ CSα) � a ∧ ¬Opqu1
at2 ∧ ¬Opqu2

at2

Cat4 = ¬Opat1at1 ∧ ¬Opqu1
at2 ∧ ¬Opqu2

at2 ∧ ¬Cat3

∧ ∀ b ∈ Ar, AR(Aβ ∪ CSα)� b ⇒
Δ(p,∪CS) = Δ(p,∪CS ∪ {b})
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The conditions associated with the Attack rule are similar to the ones defining the As-
sert rule. The Attack move also includes the case where the agent that initiates the
persuasion puts forward a new argument, which is not attacking any existing argument
but changing the status of the persuasion topic. This is useful when the advanced argu-
ments cannot be attacked/defended, so that the agent tries another way to convince the
addressee.

4- Question Rule

Question(α, β, Y ) ∧ Cqu1 ⇒ Assert(β, α, a) ∧
Question(α, β, Y ) ∧ Cqu2 ⇒ Assert(β, α, dY

′
∂ ) ∧

Question(α, β, Y ) ∧ Cqu3 ⇒ Assert(β, α, ?)

where:

Cqu1 = ∃ a ∈ Ar : AR(Aβ ∪ CSα) � a
∧(a ↑ Y ∨ a ↑ Ȳ )

Cqu2 = ∃ dY
′

∂ , dY
′

∂ .Y ′ ∈ Ar : AR(Aβ ∪ CSα) � dY
′

∂

∧(dY
′

∂ ↑ Y ∨ dY
′

∂ ↑ Ȳ )

Cqu23 = ¬Cqu1 ∧ ¬Cqu2

Agent β can answer α’s question about the content Y by asserting an argument for
or against Y . If not, it answers by a partial argument if it can generate it. Otherwise, it
answers by “?” which means that it does not know if Y holds or not. We recall that this
rule is played when an agent has a partial argument and asks the addressee about the
missing assumptions, so that the answer could be the complete missing assumptions, a
part of it, or nothing.

5- Stop Rule

Stop(α, β) ∧ Cst1 ⇒ Question(β, α, Y ) ∧
Stop(α, β) ∧ Cst2 ⇒ Stop(β, α)

where:

Cst1 = Opqu1
st1 ∨ (¬Opqu1

st1 ∧Opqu2
st1 ))

Opqu1
st1 = Opqu1

as2
Opqu2

st1 = Opqu2
as2

Cst2 = ¬Cst1

Before answering the α’s Stop move by another Stop to terminate the protocol, β
checks if no other partial arguments changing the status of p could be generated. The
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Stop move is played only if no such argument could be generated, which means that
the conflict cannot be resolved.

Theorem 1 (Termination). If 〈C,D〉 is a well-formed persuasion protocol about a wff
p, then 〈C,D〉 always terminates either successfully by Accept or unsuccessfully by
Stop.

Proof. See Appendix

Definition 19 (Soundness - Completeness). A persuasion protocol about a wff p is
sound and complete iff for some arguments a for or against p we have at the end of the
protocol: AR(Aα ∪ Aβ) � a⇔ AR(∪CS) � a.

Theorem 2 (Soundness and Completeness). If 〈C,D〉 is a well-formed persuasion
protocol about a wff p, then 〈C,D〉 is sound and complete.
Proof. See Appendix

4 Illustrative Example

This example illustrates a B2B purchase-order scenario involving two businesses (B1

and B2). First, a customer places an order for products via Customer-WS (WS for
Web service). Based on this order, Customer-WS obtains details on the customer’s
purchase history from CRM-WS (Customer Relationship Management) of B1. After-
ward, Customer-WS forwards these details to B1’s Billing-WS, which calculates
the customer’s bill and sends the bill to CRM-WS. This latter prepares the detailed pur-
chase order based on the bill and sends Inv-Mgmt-WS (Inventory Management) ofB1

this order for fulfillment. Then, Inv-Mgmt-WS sends Shipper-WS ofB2 a shipment
request. Shipper-WS is now in charge of delivering the products to the customer.
The above scenario could be affected by the following conflict:B2’s Shipper-WS

may not deliver the products as agreed with B1’s Inv-Mgmt-WS, perhaps due to
lack of trucks. This is a conflict that could be resolved using our protocol by which,
Shipper-WS tries to persuade Inv-Mgmt-WS about the new shipment time and then
inform Customer-WS of the new delivery time.
Let αB1 be the agent representing Inv-Mgmt-WS of B1 and βB2 be the agent

representing Shipper-WS of B2. The resolution of the conflict along with the use of
dialogue games are hereafter provided. For the lack of space reason, we will not give
the agents’ knowledge bases and we will also omit the arguments representation.
1- βB2 identifies the conflict (condition Cin1 is satisfied) and plays the Initial game

by asserting an acceptable argument a about lack of trucks from its knowledge base
AβB2

supporting its position: Assert(βB2 , αB1 , a).
2- αB1 has an argument b attacking βB2 ’s argument which is about available trucks

committed to others that could be used to ship the products (conditionCas1 is satisfied).
αB1 plays then theAssertion game by advancing theAttackmove:Attack(αB1 , βB2 , b).
3- βB2 replies by playing the Attack game. Because it does not have an argument

to change the status of the persuasion topic (condition Cat1 is not satisfied), but has
a partial argument for that, which is about the high price of these particular trucks
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that could be not accepted by αB1 (condition Cat2 is satisfied), it advances the move:
Question(βB2 , αB1 , x) where x represents accepting or not the new prices. The idea
here is that βB2 can attack αB1 , if it refuses the new prices that others have accepted.
4- αB1 plays the Question game and answers the question by asserting an ar-

gument c in favor of the increased shipment charges (condition Cqu1 is satisfied):
Assert(αB1 , βB2 , c).
5- βB2 plays the Assertion game, and fromAβB2

∪CSαB1
, it accepts the argument

and agrees to deliver the products as per the agreed schedule with the new price, which
is represented by d (condition Cas3 is satisfied): Accept(βB2 , αB1 , d). Consequently,
the persuasion terminates successfully by resolving the conflict.

5 Related Work

The closest work to the protocol proposed in this paper is the one proposed by [4] for
inquiry dialogues. However, there are many fundamental differences between the two
protocols. Inquiry and persuasion settings are completely different since the objectives
and dynamics of the two dialogues are different. In Black & Hunter’s protocol, argu-
mentation is captured only by the notion of argument with no attack relation between
arguments. This is because agents collaborate to establish joint proofs. However, in our
system, agents can reason about conflicting assumptions, and they should compute dif-
ferent acceptability semantics, not only to win the dispute, but also to reason internally
in order to remove inconsistencies from their assumptions. From the specification per-
spective, there are no similarities between the two protocols. Our protocol is specified
as a set of rules about which agents can reason using argumentation, which captures
the agents’ choices and strategies. However, Black & Hunter’s protocol is specified in
a declarative manner and the strategy is only defined as a function without specifying
how the agents can use it. The adopted moves in the two proposals are also different. Al-
though there is an equivalent notion of partial arguments in Black & Hunter’s proposal,
the statuses and dynamics we define for these arguments and the fact of considering
these arguments as an attempt to change the statuses of uttered arguments are original
in our work. Another technical, but fundamental difference in the two protocols is the
possibility in our protocol of considering not only the last uttered argument, but any
previous argument which allows agents to consider and try different ways of attacking
each other.
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Appendix

Proof of Proposition 4. To prove this we should prove that Cas3 ⇒ ¬Cas1 ∧ ¬Cas2.
Using the logical calculation, we can easily prove that ¬Cas1 ∧ ¬Cas2 = ¬Cas1 ∧
¬Opqu1

as2 ∧ ¬Opqu2
as2 . Also, if an agent β can build an acceptable argument a from

Aβ ∪ CSα, then it cannot build an acceptable or (preferred) semi-acceptable argu-
ment attacking a from the same set. Therefore, AR(Aβ ∪ CSα) � a ⇒ ¬Cas1. Thus
the result follows. �

Proof of Theorem 1. Agents’ knowledge bases are finite and repeating moves with the
same content is prohibited. Consequently, the number of Attack and Question moves
that agents can play is finite. At a given moment, agents will have two possibilities only:
Accept if an acceptable argument can be built from CSα ∪ CSβ , or Stop, otherwise.
Therefore, the protocol terminates successfully by Accept, or unsuccessfully by Stop
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when Accept move cannot be played, which means that only semi-acceptable argu-
ments are included in CSα ∪ CSβ . �

Proof of Theorem 2. For simplicity and without loss of generality, we suppose that
agent α starts the persuasion.
Let us first prove the ⇒ direction: AR(Aα ∪ Aβ) � a ⇒ AR(∪CS) � a. In the
protocol, the persuasion starts when a conflict over p occurs. Consequently, the case
where Aα � a and Aβ � a does not hold. Indeed, the possible cases are limited to
three:
1. Aα � a and Aβ � a. In this case, agent α starts the persuasion over p by assert-
ing a. Agent β can either play the Attack move or the Question move. Because
AR(Aα ∪ Aβ � a) all the β’s arguments will be counter-attacked. For the same
reason, β cannot play the Stop move. Consequently, at the end, β will play an
Accept move. It follows that AR(∪CS � a).

2. Aα � a and Aβ � a. In this case, agent α starts the persuasion by asserting an
acceptable argument b in its knowledge base against p (Aα � b). This argument
will be attacked by agent β, and the rest is identical to case 1 by substituting agent
roles.

3. Aα � a and Aβ � a. To construct argument a out of Aα ∪ Aβ , two cases are
possible. Either, (1) agent α has an acceptable partial argument aY∂ for p and
agent β has the missing assumptions (or some parts of the missing assumptions,
and agent α has the other parts), or (2) the opposite (i.e., agent β has an accept-
able partial argument aY∂ for p and agent α has the missing assumptions (or some
parts of the missing assumptions, and agent β has the other parts)). Only the sec-
ond case is possible since the first one is excluded by hypothesis. For simplicity,
we suppose that agent α has all the missing assumptions, otherwise the missing
assumptions will be built by exchanging the different partial arguments. Agent α
starts the persuasion by asserting an acceptable argument b in its knowledge base
against p. Agent β can either play an Attack or a Question move. If attack is
possible, then agent α can either counter-attack or play the Stop move. The same
scenario continues until agent α plays Stop, and then agent β plays a Question
Move. Agent α answers now the question by providing the missing assumptions,
after which agent β attacks and agent α can only accept sinceAR(Aα∪Aβ � a).
It follows that AR(∪CS � a).

Let us now prove the⇐ direction: AR(∪CS) � a⇒ AR(Aα ∪ Aβ) � a.
In the protocol, to have AR(∪CS) � a one of the two agents, say agent α, puts

forward the argument a and the other, agent β, accepts it. On the one hand, to advance
an argument, agent α plays theAssertmove (in the initial or question rules) orAttack
move (in the assertion or attack rules). In all these cases, we have: AR(Aα ∪CSβ) �
a and there is no partial acceptable argument attacking a from Aα ∪ SCβ . On the
other hand, to accept an argument (in the assertion or attack rules), agent β should
check that AR(Aβ ∪ CSα) � a, there is no other arguments changing the status
of the persuasion topic, and there is no partial acceptable argument attacking a from
Aβ∪SCα. Therefore we obtain:AR(Aα∪CSβ∪Aβ∪CSα) � a. BecauseCSα ⊆ Aα

and CSβ ⊆ Aβ we are done. �
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