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Abstract. This paper presents a preliminary study of thadsson the way of
developing an automated mediation agent. The werkonducted within the
‘curious negotiator’ framework. The work look froanknowledge perspective
at mediation is an information revelation procé&dse introduced formalism is
used to demonstrate how through the revealing efajbpropriate information
and changing the understanding of the disputes atiedi can succeed.
Automating mediation needs to take in account thediation is a knowledge
intensive process, where the mediators utiliser tipeist experiences and
information from negotiating parties for changirge tpositions of negotiating
parties.
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1 Introduction

Negotiation is the process whereby two (or mordjvidual agents with conflicting
interests interact, aiming at reaching a mutualiyddficial agreement on a set of
issues. Engaging in such interactions is a dailiviac— from a simple negotiation of
the price of a product we buy at the market tocimplicated negotiations in dispute
resolutions on the international arena. Whatevehéslevel of negotiation, during
such interactions, participants may need to makeessions in order to reach an
agreement [1].

Negotiation is goal-directed in the sense thatviddial agents involved in a
negotiation may—probably will—have agendas of th@mnoBut the agendas of the
negotiating agents may be incompatible—there mayabgolution that satisfies them
all. Further the existence of a solution is unlk&d be known when the negotiation
commences [2]. So it may not be useful to consiggotiation as a search problem
because the solution space may be empty whilshéigetiating agents may believe
that it is not so. If the negotiation is a multi® negotiation for which the issue set is



open [i.e. it can change at any stage in the natjmt] then the agendas of the
individual negotiating agents must necessarily ba &igher level than the issues
because the issues are unknown, and may evenuss st ‘had never occurred’ to
one of the agents. So for multi-issue negotiatl@mdgendas of the agents can not in
general be an even high level goal such as ‘to miagi profit on the deal’ as the deal
space is unknown. Environmental conflict resolutisna typical example, where
conflicts involve many different types of partiessues and resources [3].

As a result negotiations may reach a deadlockngpkirohibitively long time
without reaching tangible outcomes, or be termithafiéhis is when in real life the
intervention of amediatorcan influence the process, facilitating it towasdmutual
agreement.

The design of the ‘curious negotiator’ automatedatiation system, outlined
initially in [4], is an attempt to address thessuiss. Fig. 1 shows an updated version
of the overall design proposed in [4] and the pesgrof the work.
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Fig. 1. The design of the ‘curious negotiator’ and thegpess of the research

The ‘curious negotiator’ is founded on the intuititit's what you know that
matters” and investigates the use of informatiod arormation theory, including
entropy-based (random worlds) inference, as a fatimd for automated negotiation
between agents with bounded rationality. The degigesented in [4] aimed at
exploiting the interplay between contextual infotima [5] and the development of
offers in negotiation conducted in an electronicviemmment. This contextual
information is derived from what happens at thegbaning table and away from it.



The work on the negotiation agent (shaded area Rign 1) focused on identifying
mechanisms and knowledge structures for utilisatidormation in the negotiation
process. Negotiation ageatnegotiates with agent by sending illocutions which
represent offers and counter offers. The illocugiare represented in communication
language C. An example of such language, where the kernelo$ategotiation
illocutions is extended with illocutions that ermabpersuasive negotiation and
argumentation, is presented in [6] and [7]. Nedimimagenta also uses an internal
languagel] for it's reasoning.

Negotiation agent: negotiates from a stance that assumes nothingt ateru
opponent’s motivations and applies maximum entréggic to that which it has
observed. The basic feasibility of this approack vegorted in [8] where an agent for
multi-issue bilateral bargaining signs contractg i sufficiently confident that they
are acceptable. This work is orthogonal to theitydilased approach, and treats
negotiation as amformation discoveryand revelation procesd he output from the
work covering the shaded area A in Fig. 1 is kn@atectively as information-based
agency [7].

The information that the agent utilises may coroenfiat least two sources:

a. from the ‘negotiation table’, e.g. from the ctaroffers that the opponent
provides (this is incorporated in the work presérnite[8]) [in general, all utterances
agents make during a negotiation give away (va&)ahformation];

b. from external sources, e.g. other deals, nearspanies white papers, blogs of
virtual communities, and other electronically aciel® sources, all of which
constitute part of the context in which negotiati@ppens.

The automation of the discovery, representation delivery of the necessary
information and knowledge to the agents has beenfdbus of the work on the
information discovery and delivery system in therious negotiator’ (shaded area B
in Fig. 1). Elements of the approach and diffetechnical aspects of the embedded
information mining system have been presented wersé works. In [9] it has been
presented one of its components in more detaitseffective automated technique for
extracting relevant articles from news web sitesd athheir semi-structured
representation, so that they can be used furthethbyinformation discovery and
delivery system. In [10] it has been demonstrataa bxtracted unstructured or semi-
structured news can be utilised to refine exchanage predictions and provide the
information to the negotiating agent. The choice tbé application has been
influenced by the literature indicators that dalgonomy news and political events
influence the exchange rate daily movement [11, TRg mechanism includes news
extraction algorithms, a quantitative process mdoeted on the extracted news
information, which is exemplified by an exchangeerprediction model, and a
communication protocol between the data mining egand negotiation agents. The
predictive information about the exchange rate tlean be utilised by agent’s
negotiation strategies. The system complementssandces the information-based
architecture in [7, 8]. The information request d&he information delivery format is
defined by the negotiation agent in the query. &a@mple, if the topic of negotiation
is buying a large number of digital cameras foroaganisation, the shared ontology
will include the product model of the camera, aaths characteristics, like “product
reputation” (which on their own can be a list ofgraeters), that are usually derived
from additional sources (for example, from diffdrespinions in a professional



community of photographers or digital artists).omhation request can be formulated
in a form that depends on the knowledge representased by the agent, e.g. sets of
possible values, value ranges, probability vall&s. example, if the negotiator is

interested in high resolution cameras, and thediara negotiation parameter, the
request for information to the information miningnda delivery system can be

formulated as a set of consisting of camera modets corresponding requests for
preference estimates. These preference estimadescin be computed from the
information about these models, available in vagi@ources, including various

communities of professional experts, prosumerscamdumers. In [13] is presented a
recommender mechanism that utilises text miningextract opinions about the

products from consumer reviews available in eledtrdrom and convert those

opinions into a recommendation that then can bisedi by a negotiation agent.

When the mechanisms for providing information arehsoning with such
information, as well as the respective knowledgeesentation structures, have been
developed, the mechanisms for dealing with nedotiat that fail in reaching an
agreement, or seemed to be leading to a failureairethe undeveloped part of the
‘curious negotiator’ - the unshaded part in Fighdludes the mediating agemt the
observer agenb and their supporting knowledge representatiorcsires.

The paper presents an extremely preliminary workhenprinciples of building
automated mediation agent within the ‘curious niegot’ framework, consistent with
the approach of the information based agency. ptaggs mediation as information
revelation process. It specifies the requiremenstds the knowledge representation
structures supporting mediation, including caseeapresentation for storing the
experience of past negotiations. Section 2 lookwediation, as a knowledge-driven
process and explores the changes that informatewelation can make to the
negotiation space and the outcomes of negotialtiégmtroduces the notion of ‘mental
model’ of participants involved in the process dmuks at mechanisms of how these
model can be utilised in automated mediation. $ac8 considers some aspects in
utilising past experiences and background knowlesig@automated mediation. It
looks also at the utilisation of information at tiegnosis stage.

2 Mediation as a knowledge driven process of information
revelation.

Contemporary analysts in social and political scésnlook at mediation as a process
that enables conflict resolution. Mediators areemfindispensable in the area of
dispute(or conflic)) resolutions settling variety of disputes, spanning from ciatdl
between sovereign nations to conflicts between Ifarmiembers, friends, and
colleagues. Successful mediation can make a dramiffierence to the outcome of a
negotiation stalemate. For instance, on 14 Jant888 the President of United
Nations Security Council issues statement demantdivag Iraq cooperate fully and
immediately and without conditions with the Spe@ammission in accordance with
the relevant resolutions.As all UN weapons inspections in Iraq were frozuring

1 http://daccessdds.un.org/doc/lUNDOC/GEN/N98/00 F84H/N9800784.pdf



the following month all direct negotiations betweaba US and Iraq did not reach any
agreement and the military conflict seemed unav@é&aThe following event
sequence illustrates the mediation process: (ilJX8eauthorised the mediation effort;
(ii) the UN secretary (the mediator) achieved asfie deal with Iraq; (iii) the UN
secretary passed it back to the US; (iv) the USereed and accepted the deal.
Several months later the conflict escalated, bistttme no mediation was sought and
military actions started. The mediation made a hddierence in the first dispute
resolution.

2.1 Necessary and sufficient conditions for mediation

This example illustrates that mediation as a pmces/olves information
revelation and part of mediator’'s strategy is guiding thecpss of information
revelation. The following are the necessaBl,(C2 and sufficient C3) conditions
for a mediation to take place:

Condition C1 Negotiating agents and § are willing to achieve a mutually
beneficial agreement;

Condition C2 Negotiating agents andp are seeking or will accept mediation (in
the first case, the awareness about the conflidgtth@ problem with the current state
of the negotiation resides with the negotiatingragein the second case either the
mediator agent or, if present, the observer agentliagnoses the problem;

Condition C3 A mediating agen: is available (this condition is by default
embedded in the ‘curious negotiator’ paradigm).

In the example with the 1998 Iraq crisis, in theos®l case conditio€2 was not
present. Conflicts may be a result of a contraolicof interests, as in the example
with the 1998 Iraqi crisis, but can be also a riejsugt of a different (but unknown to
the disputing parties) perception of the dispuidgjexct.

2.2 Mediation process within the ‘curious negotiator’ famework

Further we consider the following mediation proceaksstrated in Fig. 2, where
agentso. and g are in a deadlock and direct exchange of offetsvdésen them has
ceased. In a mediation sessienand § interact with messages only with the
mediating agent.

M(,)(t) denotes a “mental model” at timheWe use the label “mental model” to

denote the view (including related knowledge) ofagent about a dispute, about the
views of the other parties on that dispute andettpected outcomes. This knowledge
is internal to the agent. Each model is manifestethe other agents through the
actions taken by the agent. Further in the texuse the term mental model without
guotation marks.

M, (t) and Mﬂ(t) denote the mental models of agentand g, respectively.

M, (t) is not known by} and Mﬁ(t) is not known byz. None of them is known by
the mediating agent. Each of these agents has own approximationseofrténtal



models of the other agents| denotes the mental model that the agent has

agen( party (t)
about another party. In particulama(ﬁ) (t) is the mental model of aboutp, i.e.
about whaj$ wants out of the negotiation; respectivem,ﬁ(a) (t) is the mental model
of g abouta, i.e. the position o in the dispute. Furthermﬂ(a) (t) and M. (t) are

the mental models of the mediating agenébout the positions of andp in the
dispute, respectively. The actual formalism thgiregses these models is beyond the
scope of the paper.

Mediation
agent y

& { M wua)? M ,u(ﬂ)} mﬂﬁﬂmﬁﬁﬂ

Negotiation Negotiation

agent a agent g
{M”’Mﬂ(ﬂ)} {Mﬂ'Mﬂ(a)}

Fig. 2. The mediation agent within the ‘curious negotiat@mework

2.3 Mediation process within the ‘curious negotiator’ famework

We use the above formalism to demonstrate sometaspemediation that need to
be taken in account when developing automated rwadialn the Orange Dispute
[14], two sisters want the same orange. Accordmdlolodner [14] “MEDIATOR
assumes they both want to eat it and solves thelggroby having one sister cut the
orange in two and the second chooses her half. WHeesecond sister uses her peel
for baking and throws away the pulp, MEDIATOR reaf it made a mistake.”
[MEDIATOR [15] is one of the early case-based mem®m The focus of the work
was on the use of case-based reasoning for prohladerstanding, solution
generation, and failure recovery. The failure rezg\ability is demonstrated with the
Orange Dispute in [14]].

Further we present the two mediation attemptsrimseof the agreements reached
and the information that can be passed to the nmdizets our agent represents the
first sister who wants to have the orange as artlasd agenp represents the second
sister who wants to have (only the peel of) thengeafor cooking (the recipe requires
the whole peel). If our mediation agenhappen to be the case-based MEDIATOR,
then the situation described in the Orange Dismate be expressed through the
mental models of the individual participants in .F& making explicit the wrong
assumption (the shaded area in Fig. 3).



M, (t):="'a wants the orange as a des

M, (t):="S wants only the peel of the orange émoking
M () (tea) =" B Wants an orang

M pia) (trea) = '@ Wants an orang

M o) (tsar) :="a@ wants the orange as a des

M ) (tsar) :="@ wants the orange as a des

Fig. 3. The wrong initial assumption of the MEDIATOR [1#] terms of our mental models.
This initial assumption (which didn’t change asréhevere no mechanisms for that) caused the
failure of that mediator.

In these models,cax andtg, indicate the time when negotiation broke and when
mediation started, respectively (in the case ofMii#EDIATOR it has been a one step
act). The results of the agreements in terms obtlieomes - Outcomegent issue
resul) are presented in Table 1, wheesultvalues are denoted as follows: “+”, “+/—

" and “~" for a positive, acceptable, and negatiesults, respectively for the
corresponding agents in terms of negotiated issuéie original example [14], the
result in the outcome fgt should be “+/-" as the second sister still usedpéel from
her half. Here we added the constraint of the eeaiporder to get negotiation about
the orange to a halt with an unacceptable “-" teanld generate a request for
mediation.

Table 1. Outcomes of the Orange Dispute, based on mediafitbninitial assumption

Agent | Agreement clauses Outcome fora Outcome forf
o Cuts the orange into halves Outcomeg, have orange, +j | Outcomef, have orangey;)
p Chooses one half Outcomeg, have orange, +) | Outcomef, have orangey)

The Orange Dispute can be considered an exampke difpute over resource
scarcity. The resource in this case has a possiblaponent-based separation
(without change of the total amount of availablsorgce) that allows to change the
structure of the dispute through mediation, opetiregspace for a mutually beneficial
solution. It exposes two aspects of mediation:

- The difference that a mediator can bring is in explh the structure of the

problem from a broader stance.

- An initial assumption by a mediator can lead toadufe of the mediation

effort;
Consequently, we formulate the following postuldteghe automated mediator:

Postulate P1 An automated mediatqr should start interaction with extracting
more information about the position of the parteshe negotiation.

Postulate P2An automated mediator should develop an indeparideand view”
of the problem, which is more comprehensive thanitilividual views ofx andp,
respectively.

Postulate P3An automated mediater should operate from the initial stance only
of conditionsC1 andC2.




Starting mediation without initial assumptions meamat. either does not have a
model for each of the negotiating agemtandg, or accepts the modelﬂa(ﬁ) (t) and

M/:’(a) (t) these agents have about each other at the porsgaésting mediation. In

the case of the Orange Dispuytestarts mediation with the exit modelsco&ndp:
" M, (taan) = My (tiread » € M, () =" @ wants an orang, and

" M, (tearn) = M ) (torea + 1462 M (ta) :=" B Wants an orang:

This information is not sufficient for mediationge the uncertainty in the mutual
models ofa andp, and the model has are the same. Research in conflict resolution
in international relations demonstrates that if a&dmtor could credibly add
information to the system of negotiators this alténe state of the system [16].
Consequently,u takes steps in order to decrease this uncertaintyaddition,
intuitively, it seems worth checking whether botirtges have the same understanding
of the issues in the dispute, i.e. technically, thbe they operate with the same
ontology or with compatible ontologies. In the QgarDisputeu obtains from each
party what the orange is needed for. The Orangg@ubsin terms of the mental
models of the individual participants in the cadepooposed mediation agent is
presented in Fig. 4. In these modélga, tstat and teng indicate the time when
negotiation broke and when mediation started andeénrespectively. Note the
difference of|v|ﬂ(.) (t for botha andg in Fig. 3 and Fig. 4. The steps taken by the

start)

mediating agent are described in Fig. 5 (we dousat a formal illocution based
language, but the actions that the language stuatéd for are shown in italic).

M, (t):="'a wants the orange as a des

M, (t):="S wants only the peel of the orange émoking
M () (tea) =" B Wants an orang

M p(a) (tea) := '@ Wants an orang

M o) (tian) :="a@ wants an orang

M) (tsar) :="@ wants an orang

M o) (tena) :="@ wants the orange as a des

M. (t..q) :="a wants only the peel of the orange éooking

Fig. 4. The respective mental models @f andp in the mediation session of the Orange
Dispute with our proposed agent

The Orange Dispute illustrates also another impbrédility that an automated
mediator should posses — the ability to refocuestructure the dispute, based on the
additional information about the models of eachtypaihe outcomes of the
restructured Orange Dispute are shown in Table 2

The ability to restructure the problem is cruciar fdeveloping successful
automated mediators. The Sinai Peninsula Disputdhen area of international



relations shows similar properties to the OrangspDie. The Sinai Peninsula is a
piece of land of about 62,000 square km that ségmrgrael and Egypt. With its
landscape Sinai hasnailitary value for either side in terms of mechanised infantry
transport or as a shelter for guerrilla forces. Ppheceived importance of therritory

is evidenced that Israelis and Egyptians foughttriover the Sinai Peninsula in 1948,
1956, 1967, 1968-1970, and 1973. Since 1967 Sawhbleen occupied by Israel. Fig.
6 shows a very simplified version of the modelshef parties at the initial meeting in
Jerusalem, when the negotiations started and hatiddhe change of the mediators
models that lead to the outcomes. For the purpbsgopaper we aim to emphasise
the high level analogy with the Orange Dispute qase Fig. 4), i.e. the need for a
mediator to reframe the problem. In fact, the né®drestructuring the problem in
order for a mediator to get a “bigger picture” teeen recognised in PERSUADER
[1], to resolve labor-management disputes. In reaeorks [17] the mediator is
expected to have a complete knowledge of the swoligpace.

Ltan] s aska to sendits ontology of the negotiated item [orange].

w1 askp to sendits ontology of the negotiated item [orange].

. compareontologies received froa andp.

1. senda andp agreed ontology [orange as a fruit which has @ulg
peel].

. ask a to sendu its preferences on the negotiated item in terms of

agreed ontology.

. askp to sendu its preferences on the negotiated item in termthef

ontology.

w: advisesx andf on M, (t) and Mﬂ(t) based on their preferences

: checkghe case base for past cases [resource disputes]

: retrievesresource disputes with divisible components

: sendsx andp action “separate resource” [peel the orange]
: tellsa andp to complete negotiation.

: mediation completed.

TREERETTX

1:end <

Fig. 5. Mediation as information revelation aiming at dmg®ing uncertainty within the
negotiation system

Table 2. Outcomes of the restructured Orange Dispute

Agent | Agreement clauses Outcome fora Outcome forf
a Peels the orange Outcomeg, eat, +) Outcomg, cook, +)
B Gets the whole peel Qutcomeq, eat, +) Outcomg, cook, +)

Following the initial interaction in Jerusalem, thkS President Jimmy Carter
initiated athird-party mediation efforthat culminated in the Camp David accords.
For the purposes of this paper we consider a diegliversion of the second
agreement of the Camp David accords on the futiteeoSinai Peninsula. The items
in the agreement are presented in Table 3, inuatete, similar to the presentation of
the agreements in the Orange Dispute in Table ITahtke 2. Without getting into the



details of the mediation steps, from Table 3 ievédenced that the initial mutually
perceived modeIsMa(ﬁ) (t) and M 5 (t) about the need for territory and strategic

military advantage have been transformed by the iatied into a
Security/Sovereignty trade-off, with economic bétsef

a wants security, support for economggognition

(t :=' B wants sovereignty (restored territprgupport for economy, securit

=

tbreak) :=' B wants territory and strategic militaadvantage

ZZZZEZZZZ
B

Fig. 6. The respective mental modelsopff andp in the mediation session of the Sinai Dispute
with our proposed agent

Table 3. The Sinai Peninsula Disputedenotes Israeff denotes Egypt

Party Agreement clauses Outcome for Outcome fop

a Withdraw its armed Outcomeg, Military, -) Outcomef, Territory, +)
forces from the Sinai Outcomeﬁ, Sovereignty, +)

a Evacuate its 4500 Outcomeg, Territory,—) Outcomeg, Territory, +)
civilians Outcomef, Sovereignty, +)

a Restore Sinai to Egypt | Outcomeg, Territory,—) Outcomeg, Territory, +)

Outcomef, Sovereignty, +)

o Limit its forces within 3| Outcomeg, Military, —) Outcomeg, Security, +)
km from Egyptian border Outcomeg, Security, +)

a Lost the Abu-Rudeis oi| Outcomeg, Economy-) Outcomeg, Economy, +)
fields in Western Sinai

B Normal diplomatic| Outcomeg, Recognition, +)| Outcomg( Security, +)
relations with Israel

B Guarantees freedom o¢fOQutcome¢, Economy, +) | Outcomeg, Security, +)
passage through Suezoutcome(, Security, +)
Canal

B Guarantees freedom ofOutcomeg, Economy, +) | Outcomeg, Economy, +)
passage through nearbyoutcomeg, Security, +) Outcomeg, Security, +)
waterways

B Restricted Egyptian Outcomeg, Security, +) Outcomg( Military, —)
forces in Sinai Outcomeg, Security, +)




The analogy with the Orange Dispute is in having ithitial negotiation framed
around a common resource Territory and a similsuesof having strategic military
advantage as the main goals that can enable theitged hough both territorial and
military components remain on the negotiation takbiee mediator brought a
background knowledge which changed the models ef fghrties: security and
restoration may not necessarily be achieved wittupation of a territory or with
expensive military presence.

The information injected by the mediator and praubsteps leads to decreasing the
differences between perceived mental modM§(ﬁ) (t) and Mﬁ(u) (t) and the

respective actual mental modeNs, (t) and M, (t) agents§ anda, respectively, i.e.
the intervention of the mediator decreases thertaiogy in the negotiation system.

2.4 Operating with information in mediation

As the mediator utilises information to decrease timcertainty in the dispute, an
automated mediation would require a measure ofrtaiogy H (M(,) (t)) , allowing

to quantify and compare the uncertainty coming fribke incomplete knowledge of
the mental models of the agents. In terms of the party mediation in Fig. 2, this
decrease of uncertainty in mental models should dleservable, i.e.

H (M@ (1)) <H (Mg (1) and H(M,, (1) <H (Mg, (1)) . Within the

framework of the information-based agency, whiclad information-theoretic
approach, such measure should measure the “inflanmgain”, as the mediator adds
such gain.

Viewing mediation as a dialogue system in Fig. 2, ¢he mediator is engaged
with a dialogue with each party, points also to thfsrmation-theoretic work in
dialogue management strategies in conversatiosatbased reasoning [18]. In terms
of an automated mediation system, the mediator Idhbave the mechanism to
determine the most informative question to askamhestage of the interaction with
each of the negotiating agents.

3 Utilising past experiences and background knowledge in
automated mediation

The American Bar Association defines mediation ggacess by which those who
have a dispute, misunderstanding or conflict camgether and, with thassistance of

a trained neutral mediatomresolve the issues and problems in a way thatathe
needs and interests of both parti@his definition emphasises the key role of thet pas
experience of the mediator and its unbiased natuegher, we consider these two
aspects, starting with mediator bias.

2 http://www.abanet.org/cpr/clientpro/medpreface lhtm



3.1 Unbiased mediator

The bias of a mediatois defined as the presence of a preference towardof

the

e outcomesn the negotiation;

« sidesinvolved in the negotiation.
Not having preference towards any of the outconfes pegotiation means also to
keep open all options. For instance, the peaceuplbiroker’s bias towards peaceful
solutions makes his or her claims less believalmpared to a broker who is
indifferent to war or peace [16]. Such bias assaltecan decrease the effectiveness of
the mediation effort. Protecting automated medmafiom introduction of a bias is
not seen as a problem.

3.2 Utilising past experiences

Experience is, perhaps, the distinct feature batvgercessful and less successful
mediators. Case-based reasoning (CBR) is an apprtmagroblem solving that
emphasizes the role of prior experience during réutproblem solving (i.e., new
problems are solved by reusing and if necessarptingathe solutions to similar
problems that were solved in the past) [see [18hfeecent review of the state-of-the-
art in the CBR field]. From a machine learning paifiview, updating the case base
is a lazy learning approach (i.e. learning withgeneralisation). Some aspects of
using the past experience by the tandem Mediatimh@bservation agents has been
discussed in [4]. In terms of required case remtas®n, a starting point is
knowledge representation structure for representiagotiation cases, proposed in
[20]. This structure needs to be updated for dgalvith ontologies. For the
mediation, the case based will be linked to theesponding knowledge base of the
mediation strategies used. The case structure noludes a negotiation case as its
problem section and the collection of mediatiorpstenformation used and other
knowledge, as the solution part of the case.

Important from a computational perspective is tlagydosis stage of the mediation
process [21]. The diagnostic function consists obnitoring the progress of
negotiation or related interactions intended totlesebr resolve disputed issues
[Druckman and co-authors [21] refer to [22]]. Mamihg provides a long view of
unfolding developments, including trends in esdéagpand de-escalating dynamics.
Within the framework of ‘curious negotiator’ we cder this stage as a pre-
mediation stage, which is executed by the obseagemtw. To some extent it
resembles similarity with OLAP- the pre-data mining steps in business inteltigen
where summary statistics at different levels amneegated and later provide guidance
to the data mining strategies. Similar to OLAP, itanng should be able to provide
shapshots of the negotiation process at any mowietime at different levels of
granularity. The mediatop should be able to estimate the difference between
Ma(/:’) (t) and M/;(a) (t) from the respective actual mental modM; (t) and Ma(t)

3 Online analytical processing.



in order to define the intervention time of medigtiinterventions [if we follow a
proactive approach and intervene before negotidiiits].

Conclusions

Though there has been some interest in automatdihtios [1, 15, 17, 23] during the
years, the field requires a significant effort @search and development. This paper
has presented an early work on the principles dflimng automated mediation agent.
The mediation agent is part of the ‘curious negotidframework, hence can utilise
some of the machinery developed for it, in parécul

» the information-based agency [7, 21], which offarechanisms that allow
the interplay between argumentation and information

» the information-mining system, [9, 10], which offareans for automated
discovery and (to some extent) delivery of thabinfation to negotiating
agents;

» the electronic/virtual institutions environment [226], which offers means
not only for performing negotiation, but also foollecting the necessary
data about the negotiation sessions in order tdt isenediation.

Mediation is an information revelation process. Thenge and Sinai disputes
demonstrate how through the revealing of the appatgpinformation and changing
the understanding of the disputes mediation carcemet Computationally, the
approach requires the specification of the intredumental models of the agents and
the definition of a measure of the difference betmwevhat is labelled as mental
models. The aim of the mediation is to decreasedifference between what is a
perceived model and the actual model. One posgialeis by identifying alternative
formulations of the dispute, demonstrated with @range dispute and Sinai dispute
(the simplified version of the second agreement).

Case-based reasoning offers potential mechanisntheormediator for handling
past experiences, though the structure of the wilsbe complex (in comparison to
the usually assumed attribute-value structure)ereding the already complex
structure for representing negotiation cases [ZD¥erall, from a knowledge
perspective, automating mediation needs to takedount that mediation is:

- a knowledge intensive process, where the mediaitilise their past experiences;

- a process that utilises information from negoi@tparties and uses information
for changing the positions these parties have em#gotiation table.

As it may deal with confidential information, metiim requires trust in the
mediator from the parties involved, as much of itifermation about their position
negotiating parties would not reveal to the othde.sThough this has been beyond
the scope of the paper, we are aware of this issue.

In conclusion, we would like to stress that the amance of mediation has been
recognised world-wide. It's interesting to note ttmwadays mediation skills are
taught to students at various levels and scho@srspg from elementary schools to
university schools, including the Harvard Law Sdhétence, the development of an
automated mediation system is on the top prioffithhe research agendas.
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