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Ideas in this thesis have been published in [1, 2, 4, 5, 6, 9, 10, 11, 12, 13, 14, 15, 17], six of which have been
indexed DBLP. To keep the epic discourse simple and to not artificially charge the discourse, I have decided
not to include the following papers that I have published during my doctoral research: [3, 7, 8, 16, 18, 19,
20]. References by other authors to the results of this research have been identified in [23, 24, 25, 26, 27].

Three research contracts backed the following quote: “Science s the best way to satisfy your own curiosity
for the governmental account” (Lev Artsimovich): Collaborative/Competitive Multi-Agent System Oriented
on E-Business, 2005-2007, Software Agents for Processing the Semantic Web, 2002-2004, and a "Young
Researcher” contract, whose director I am: Automating Online Dispute Resolution for B2B Using Multi-
Agent Systems, TD7, CNCSIS-534, 2007-2008. I tried to make this curiosity abide by scientific standards,
on the one hand, but also to lead me towards a professional level as high as possible, on the other hand.

Regarding the context of this thesis, we are in the age when we can imagine a World Wide Argument
Web (WWAW) infrastructure, native to the Internet, and which endowes software agents with the ability to
debate, rise argumentation, or analyze ideas, in order to provide an effective dissemination of the information
to the more and more knowledge driven, but lost, human agents. We are also in the age when the inertial
conservatorism of the juridical system is influenced by the technological achievements and challenged to
adapt to the new types of disputes that the technology involves.

Online Dispute Resolution (ODR) promises to become the predominant approach to settle e-commerce
disputes. To reach this statute it needed ten years of fast and sustained development [19]: starting in 1996 as
a hobby, continued with an experimental stage sustained by academics and non-profit organizations during
1997-1998, followed by an entrepreneurial stage from 1999 (75% rate of success as business), and beginning
with 2003 there has been much governmental effort and many projects to institutionalize the online dispute
resolution process. It started initially in the USA, followed by Australia where automatic ODR systems are
functioning under a legal framework (for distributing the marital property in divorce cases), and now Europe
gives sensitive attention to ODR services.

From the technical viewpoint, the subject of this thesis is structural argumentation in multi-agent sys-
tems, applied in an extremely attractive domain, if we consider the advantages that such a system might
bring to the society, namely Online Dispute Resolution. The scientific discouse of the thesis follows three
steps:

1. Contract negotiation and formation;
2. Automation of simple online dispute resolution;

3. Support for argumentation and mediation in case of complex disputes;

In order to facilitate the structural argumentation, two premises must be satisfied: i) the existence of



a formalism to represent the contractual information and ii) defining modalities to estimate the penalties
according to the principles in contract law. Capther 2 solves the first condition, while chapter 3 offers support
to validate the second premise. Having these elements assured, the discourse continues with the introduction
of two complementary ways of argumentation, based on defeasible logic and argumentation scheme.

Capther 1 presents the general context of online dispute resolution from legal, administrative, economic,
and academic perspective, arguing at the same time in favour of automating dispute resolution for B2B. From
a legal perspective ODR is part of the movement to build civic institutions online that are needed to encourage
online activity and growth [9]. If ADR moved dispute resolution out of court, ODR moves it even further.
Many technical issues have to be addressed to increase the quality and reliability of online justice. Meanwhile,
e-markets and legal developments continue to be out of synchrony [2]. From the academic perspective ODR
involves more than simply integrating e-mail communications, chat rooms, or video streaming. The first
book [9] published on this issue suggests that technology comes in as a fourth party in ODR, thereby
integrating the earlier ideas of cumputer expert systems with the idea of easy access to justice. Practically,
ODR is shaping the way we handle disputes in the technological age [11]. From the business viewpoint the
enthusiasm for ODR is caused by two mainpoints. Firstly, the business entities manifest less concern for
obtaining the best solution, but they are more interested in processing the cases faster and cheaper than can
be done at trial. Secondly, ODR process is private, meaning that no inside information of the companies is
revealed to third parties.

From an economical perspective, ODR is a booming business, some institutions reported having handled
over 200.000 disputes in two years [1]. At the moment, there is a set of successful providers for online dispute
settlement: examples are SquareTrade, Cybersettle, UDRP (Uniform Domain Name Dispute Resolution
Policy), clickNettle, SettleOnline, iCourthouse, which are focused on negotiation and mediation, but also
offering partial automated mechanisms. In this context, the role of dispute resolution in building trust online
has already been stressed in literature [16]. In order to increase the clients confidence internet merchants
have started to offer attractive extra-judicial procedures for settling disputes (eBay case).

The Internet has already become the commercial backbone of the world economy [8], therefore, au-
tomating e-commerce operations turned into an active research issue. These researches mainly focus on the
negotiation phase, and they stop when an agreement is reached. Thus, contracts are still treated mostly
as legal documents disconnected from other enterprise systems, and currently there is inadequate e-business
support for using contract information to manage cross-organisational disputes. From the small and medium
enterprises viewpoint, the problem is represented by the increasing number of disputes in e-commerce, and
, by the time needed to settle such conflicts.

The solution consists in automating the online dispute resolution mechanism for Small and Medium
Enterprises (SMEs). The hypothesis supporting the feasability of the above solution which guided the
research are enumerated and defeasible logic is proposed as a technical mechanism to support automatisation
of online dispute resolution. The chapters 2, 3, 4, 5, and 6 represent original contributions.

Chapter 2 [4, 5, 11, 13] treats the formal representation of the contracts. These contracts dictate the
relationship between the members of a supply chain, while the automation of dispute resolution is based



on their formal representation. The provided formal representation offers a formalism to efficiently use the
information encapsulated within the contracts, taking into consideration that the contract represents the main
coordination mechanism of the interaction among business entities. The language introduces the concept of
higher order commitment, adapted to multi-agent systems and developed according to the current practice
in law. These commitments are used both to represent the contractual clauses and the communicative acts
that lead the parties towards signing a contract. The approach is in accordance with the trend in multi-
agent communication of abandoning the intuitionist semantics of FIPA-ACL in favour of a more pragmatic
semantics centered around the concept of social commitment. An important advantage of the language refers
to the fact that the formal representation of contracts is a direct consequence of the negotiations process,
both being realised under the same technical instrumentation. The expressivity of the language represents
the main advantage of the language. The following applications have been exemplified within this thesis:

e Modelling a large variety of contractual clauses from the current practice: gratuitous promise, unilateral
contract, bilateral contract, options, futures contracts, guarantees; modelling the communicative acts
which lead to the signing of these contracts;

e Aggregating these clauses for modelling supply chain contracts: periodical contract with options, min-
imum quantity contract, contract with restrictions;

e Specifying protocols due to the composability properties of the higher order commitments: two proto-
cols have been identified: English auction and Netbill protocol [24]

e Modelling the attitudes of the agents towards risk: risk-prone, risk-neutral, risk-averse. These attitudes
are conditioned by all the existing contracts within the supply chain and by the trust relationships
between members of the supply chain. The approach increases the reasoning flexibility of the agents
and it refines the idea of levelled commitment contracts[17].

In order to facilitate monitoring of the life-cycle of contracts, I proposed the concept of defeasible
commitment machine. At the technical level, comparing it with the existing commitment machines [12],
our approach is based on defeasible logic [5, 6] which brings the following advantages: i) it allows reasoning
with incomplete information due to the non-monotonic logic used instead of the propositional one and
ii) it increases the expressivity of exceptions modelling. The formalism is extended with temporality and
modalities for a realistic monitoring of the commitment deadlines. The state transitions are controlled by
theories implementing the principles of contract law. Applying these principles to multi-agent systems brings
the advantage of facilitating the way towards deployment of practical applications, not only experimental
systems, due to the fact that they are verified by years of legal practice.

Chapter 3 [6, 17] proposes a modality to handle exceptions in supply chain contracts by applying the
principles of contract law. They are introduced in the task dependency network model developed by Walsh
and Wellman [21] as four types of remedies: expectation damages, opportunity costs, reliance damages, and
party-designed remedies. The amount of expectation damages must place the victim in the same position
as if the actual contract had been performed [15, 20]. The amount of reliance damages must place the
victim in the same position as if no contract had been signed. The amount of opportunity-cost damages
must place the victim in the same position as if the best alternative contract had been performed. Party
designed remedies specify themselves the amount of damages in case of a breach. Based on these types of

10



remedies [15, 3], the system is able to estimate the penalties according to the current market conditions.
Moreover, applying these remedies is feasible in practice, because all the needed data to compute the amount
of penalty is available in the commitment dependency network model. Three scenarios have been identified
for exploiting the analytical formalism developed in this chapter:

1. First, the framework can be used as a tool for automated online dispute resolution. There are three
situations:

e The market may have substantial authority, hence one remedy is imposed to all agents. In this
case, the amount of penalties can be automatically computed with this framework.

e Consistent with party autonomy, the agents may settle on different remedies at contracting time.
This approach increases the flexibility and efficiency, because the agents are the ones who know
what type of remedy better protects their interests.

o All the above remedies influence the amount of penalties: in this approach the role of the framework
is to monitor the market and collect data such as: the expected profit, the opportunity cost, the
amount of investments made, if there is a substitute at tp.eqcn. All this information is used
as arguments when the dispute is arbitrated [18] in an architecture which combines rule based
reasoning (laws) and case based reasoning (precedent cases).

2. Second, knowing the bids, the actual contracts, the amount of potential remedies, and the available
offers on the market, the framework can identify situations in which is more profitable for both agents
to breach the contract when a fortunate or an unfortunate contingency appear. It computes pairs of
suggestions, helping to increase total wellfare towards Pareto frontier.

3. Third, as a simulation tool, the market designer may obtain results regarding the following questions:
what types of remedies assured flexibility in the supply chain? or how information sharing influences
total revenues or can be used to compute optimum reliance? One can design such an experiment within
the implemented system DEMCA (Designing Electronic Markets for Contractual Agents).

Chapter 4 [1, 9, 2] introduces a first argumentation method based on defeasible logic and patterns of
reasoning encapsulated within mediator agents. The strategy of an agent consists of three orthogonal com-
ponents which modularly capture different concerns of the problem: inferential component, tactical compo-
nent, and attitude component: The inferential component encapsulates the modality of drawing conclusions
based on the provided evidence and the active norms at the time of dispute: fuzzy, probabilistic and rough
inference. The tactic component defines the modality of arguments aggregation, in case different arguments
support the same conclusion, as well as the selection of arguments which defeat the derivation of that con-
clusion. The Attitude component defines the argumentative attitude of an agent towards other participants,
making a distinction between the agents private collection of arguments and its public uttered sentences. We
adapt the claim-attitude and concede-attitude, defining the level of proof sufficient to convince the opponent
that a given sentence is true, to our defeasible formalism. The following standards of proof from the current
practice in law have been modelled: scintilla of evidence, reasonable suspicion, preponderance of evidence,
clear and convincing evidence, and beyond reasonable doubt

A family of defeasible reasoning patterns is proposed to provide a useful link between dispute resolution
agents and legal doctrines. The proposed argumentation framework combines defeasible logic with temporal
reasoning and argumentation with levels of certainty. Three types of mediator agents have been formalised:
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e Persuasive agent. In some situations, independent reasons supporting the same action provide stronger

+0:

arguments in favour of that conclusion. For instance, the testimony of two witnesses is required in
judicial cases. This approach is appropriate for practical reasoning, when the decision is about what
actions to perform [13] or evidential reasoning [14]. One issue related to this agent regards the difficulty
to identify independent reasons. Thus, an argument presented in different forms contributes with all
its avatars to the certainty factor. Similarly, an argument subsumed by another general argument also
contributes to the certainty factor. Correlated to the same judicial example, if the two witnesses are kin
or they conferred with each other, only one testimony is accepted in the trial. The accrual of dependent
arguments is not necessarily useless. Changing the perspective, this case can be valuable in persuasion
dialogues, where an agent, by repeatedly posting the same argument in different representations, will
end in convincing his partner to accept that sentence.

A persuasion agent computes the certainty factor of the thesis ¢ under dispute as follows. Firstly,
it considers all the accepted arguments supporting the claim ¢ at time ¢. This amount is decreasing
by all his objections about deriving ¢, in our case all the undercutting defeaters. If the remaining
certainty factor is still greater than all the existing support for the opposite conclusion —¢, the thesis is
successfully established. Formally, the model of persuasion based on the defeasible pattern of inference
becomes:

Epistemic agent. In reasoning about what to believe or epistemic reasoning the accrual of arguments
does not hold [13]. The sentence q is inferred if it has a greater support than any of the undercutter
or rebuttal defeaters, but the certainty factor is not diminished

Rigorous agent. A rigorous agent will treat differently each type of defeater. Thus, only the strongest
undercutting defeater contributes to the decreasing of the certainty factor. If the remaining strength
of the conclusion overwhelms the most powerful rebuttal defeater, the respective conclusion is derived.
Figure 1 presents the defeasible derivation formula of a rigorous agent.

If P(i +1) = 4+0q : t then

(1

) +Aq:t € P(1..4) or

(2) q is supported

(2.1) 3¢(B)[u,v] € F and < 1 and ¢ € [u,v] or

(2.2) 3r(vr) € Rsuplqlu, v]], Ya[z1,y1] € A(r)3t’ such as +0a : t' € P(1..i) and
t' € [z1,1])

and not defeated

(2.3) Vnd(Yna) € Rnalr] U Rus[r]], v > Yna and

(2.4) Vdef(Yaes) € Raeyla[u1, va]lor
(2.4.1) t & [uy,vq] or
(2.4.2) Ja[z1,11] € A(def) Vt' € [z1,y1] — Da : ¢’ or
(2'4'3) 3ndef(’Yndef) € Rndef [def]v Yndef = Vdef and

(2.5) Yd(va) € Rsupl~ qluz, v2]] with
Va[za,y2] € A(d), 3t € [x2,y2] + Oa : ¥/, t € [ug, vo] either
(2.5.1) Innd(Vnng) € Rnald] U Rusld], Ynna > 7d, or
(2.5.2) Yr — Ydes > Va

Figura 1: Defeasible derivation of consequence ¢ at time t for the rigorous agent.
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The sentence q is defeasibly provable at time ¢ if (1) it is strictly provable at ¢, or (2) there is a valid support
for ¢ either (2.1) it is a defeasible fact valid at ¢, or (2.2) there exists a rule with all the valid premises
sustaining that conclusion ¢ and it is not defeated by (2.3) a negated rule with a stronger certainty factor, or
(2.4) by an undercutting defeater def where (2.4.1) time ¢ is not within the validity interval of the defeater,
or (2.4.2) the defeater has an antecedent a which cannot be derived, or (2.4.3) there exists a negated defeater
stronger than def, and (2.5) for all valid rebuttal defeaters d either (2.5.1) there is a either negated rule which
defeats d or (2.5.2) the support for conclusion ¢ after it is attacked by the undercutter defeaters remains
stronger than all the valid rebuttal defeaters. The strict order relation in (2.3), (2.4.3), and (2.5.2) provides
a skeptical reasoning mechanism, meaning that none of g : ¢ and ~ ¢ : ¢ is derived when they have equal
support. Allowing the ambiguity propagation increases the number of inferred conclusions, useful in the
argumentation process of ODR systems oriented towards solution rather than finding the degree of guilt.

The evaluation of arguments depends on the stage of the dispute: commencement, discovery, pre-trial,
arbitration, according to current practice in law. The above strategies have been analysed from a technical
viewpoint and mapped to each phase of the dispute. For instance, the persuasive strategy is adviced to be
used in the stage of collecting the evidence. The probabilistic inference is adequate to the first phases of the
dispute when the available information is little.

A theoretical contribution consists in the integration of rough sets in defeasible logic aiming to handle
the gradual revealing of information during the resolution process. Thus, the rough sets are used to generate
defeasible theories out of the available data. Such a combination covers both aspects of legal reasoning:
precedent case based reasoning and legal syllogism. The steps for building the defeasible theory are: collecting
similar cases, computing the reducts, generating defeasible rules, and generating defeaters.

Capther 5 presents the prototype TeDeLo (Temporal Defeasible Logic) which supports the defeasible
reasoning for online dispute resolution. TeDeLo fills the gap between theoretical developments and the
existing implementations of defeasible logic. Both the theoretical formalisms proposed in literature such as:
certainty factor, dynamic rules, hidden rules, dynamic priorities, as well as those introduced in this thesis:
interval-based reasoning, negated rules, specific defeaters, cyclical facts, patterns of rules have been included
in TeDeLo. TeDelo is the first system that provides temporized defeasible reasoning.

The following properties of defeasible logic support the idea that defeasible reasoning is suitable for the
problem in hand:

e Argumentative semantics. Defeasible derivations have an argumentation like structure [4]: firstly, we
choose a supported rule having the conclusions ¢ we want to prove, secondly we consider all the possible
counterarguments against ¢, and finally we rebut all the above counterarguments showing that, either
some of their premises do not hold, or the rule used for its derivation is weaker than the rule supporting
the initial conclusion q.

e Suitable for legal reasoning. First, it has to be mentioned that the legal rules are open, given the
possibility to discover exceptions which have not been previosly specified. The open world assumption
applied to rules is modelled through the introduction of three types of negated rules. Second, a norm
or law can come in contradiction to another rule under specific conditions. If a contract becomes
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active after its clauses have been accepted, it can be invalidated if one of the parties calls forth a
defeating condition (such as fraudulous action). Third, in the logic of defeasible reasoning the most
specific antecedent dominates. This is exactly the type of situation in which the principle "lex specialis”
recommends the use of the most specific rule. The connection between defeasibility and legal reasoning
has already been outlined in literature|[7].

e Adequate for handling exceptions. Defeasible logic allows the obligations of the parties to be withdrawn
the moment the exception occured. Moreover, by introducing the temporality and the possibility of
rollback activation, the logic provides a mechanism of automatic correction of the current state. On
the other hand, the nonmonotony property of the defeasible logic allows handling both the expected
and unexpected exceptions in a similar way.

Chapter 6 [10, 12] introduces the second method to support argumentation, based on argumentation
schemes[23, 22, 10] to cover the gap between arguments based on propositional logic and plain linguistic
arguments used by the human mediators. One contribution consists in proposing a classification of the
argumentation schemes suitable for B2B disputes. Finding the argumentation line supporting a claim is
considered as an Al planning problem and it is meant to be agent-driven. By using argumentation schemes
we intend to maintain a high level of abstraction to easily accommodate human intervention. The schemes
are formalising in PDDL in a framework compatible with the emerging semantic web. The main advantages
rely on the facts that communication is guided by the critical questions, whilst PDDL offers metrics to
compare argument chains under time constraints.

Chapter 7 sumarises the thesis contributions, presents the possible future applications of the developed
technical instrumentation, both from our own perspective and from to the perspective of some references
identified in literature. The thesis contributions are:

1. Formalising a language to represent both the contractual clauses and the communicative acts;

2. Representing types of clauses from contract law: unilateral, bilateral, gratuitous promise, option con-
tract, future contract, guarantees;

3. Introducing the concept of defeasible commitment machine;

4. Defining a type of architecture to flexibly monitor the execution of contract, based on the developed
language and on the defeasible commitment machines;

5. Modelling different attitudes of the business agents towards risk, at the moment of signing the contract;

6. Analytical formalisation of the remedies from current practice in law: expected profit, opportunity
costs, reliance damages;

7. Introducing these remedies in the commitment dependency network;

8. Implementing the DEMCA prototype (Designing Electronic Markets for Contractual Agents), for de-
signing simulations of electronic markets containing the above mentioned remedies;

9. Extending the defeasible logic with temporality and certainty factor;
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10.

11.

12.
13.
14.
15.
16.
17.
18.

Implementing these concepts in the TeDeLo prototype (Temporal Defeasible Logic), together with
other developments, such as: dynamic rules and priorties, hidden rules, nested rules, patterns of events
and rules;

Creating a type of agent architecture to mediate dispute having three components: inferential, tactic,
and of attitude;

Defining a communication protocol during a dispute;

Enriching the argumentative semantics of defeasible logic with a specific defeater;
Formalising the following types of mediation agents: persuasive, epistemic and rigorous;
Formalising a guide for choosing the proper strategy for each phase of the dispute;
Integrating the rough sets theory with defeasible logic;

Introducing a new computational model for the argumentation schemes, based on planning;

Introducing in the existing taxonomies the economic type of the argumentation schemes.
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