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ABSTRACT

In E-commerce environments software agents are used
in automated negotiations. When agents communicate
they do not necessarily use the same vocabulary or
ontology. However, if they want to interact sucdethg

they must find correspondences between the terets us
in their ontologies. This paper proposes to enhance
agent-based electronic markets with a set of ogyelo
services to facilitate communication between agents
However, humans tend to be reluctant to acceptr'sthe
conceptualizations/ontologies. For that they must b
convinced that a good deal can be achieved. In this
context, the application and exploitation of trust
relationships captured by social networks can tdsul

the establishment of more accurate trust relatipgsh
between businesses and customers, as well as the
improvement of the negotiation efficiency.

Keywords: agent based simulation, electronic matket
ontology mapping negotiation, social network anialys

1. INTRODUCTION

In an efficient agent-mediated electronic markdigre

all the partners, both sending and receiving messag
have to lead to acceptable and meaningful agreement
it is necessary to have common standards, like an
interaction protocol to achieve deals, a language f
describing the messages’ content and ontologies for
describing the domain’s knowledge (Hepp, 2008)
(Fensel, et al., 2001) (Obrst, et al., 2003).

The need for these standards emerges due to the
nature of the goods/services traded in business
transactions. The goods/services are describedighro
multiple attributes (e.g. price, features and dypli
which imply that negotiation processes and final
agreements between sellers and buyers must be
enhanced with the capability to both understand the
terms and conditions of the transaction (e.g. valzal
semantics, currencies to denote different prices,
different units to represent measures or mutual
dependencies of products).

In order to provide an answer for this need we
developed the AEMOS system - Agent-Based
Electronic Market with Ontology-Service System, a
multi-agent market simulator with ontology services
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The AEMOS system is an innovative project
(PTDC/EIA-EIA/104752/2008) supported by the
Portuguese Agency for Scientific Research (FCT).

The system proposes an ontology-based
information integration approach, exploiting the
ontology mapping paradigm, by aligning consumer
needs and the market capacities, in a semi-automati
mode, improved by the application and exploitatadn
the trust relationships captured by the social nets:

In this paper we give a brief introduction to the
AEMOS system model (Section 2) detailing the
Ontology Services component (Section 3). We then
present the social network component (Section 4)
illustrating how agents exploit social network
information in combination with the meta informatio
captured during the agent's business interactions.

2. AEMOS SYSTEM

AEMOS includes a complex simulation infrastructure;
able to cope with the diverse time scales of the
supported negotiation mechanisms and with several
players competing and cooperating with each otimer.
each situation, agents dynamically adapt theitesgias,
according to the present context and using the
dynamically updated detained knowledge (Viamonte, e
al., 2006).

AEMOS is flexible; the user completely defines
the model he or she wants to simulate, including th
number of agents, each agent’s type, ontologies and
strategies. This infrastructure is detailed in (W@mte,
etal., 2011).

2.1. Multi-Agent Model

The model includes several types of agents dividad

two main groups namely, external agents and interna
agents. The external agents are agents whose behavi
is intended to be simulated and studied. The magiag

of external agents are: Buyers (B) who are agents
representing consumers; and Sellers (S) who anetgge
representing suppliers.

The internal agents are the ones who support the
communication and negotiation between external
agents. The main internal agents are: the Market
Facilitator (MF) that is responsible for the infation
integration process in the message exchange between
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external agents. It is an intermediate agent dutiey
negotiation process that ensures, or tries to enthat
both parties are able to understand each other; the
Ontology Mapping Intermediary (OM-i) that is
responsible for the ontology mappings' management
and for the ontology's instances translation praces
This agent is able to propose ontology mappingstand
translate ontology's instances when requested;tlzad
Social Network Intermediary (SN-i) that is the agen
responsible for the discovery of agents’ trust (or
proximity) relations captured through social netkor
analysis techniques applied on the market inforomati
This agent is able to support the OM-i agents air th
tasks and to advise external agents about proposed
ontology mappings or negotiating partners.

In other to participate in the market, an external
agent must register first, indicating the ontolsgié
uses and, optionally, its personal data and prefee

2.2.The Negotiation Model

The negotiation protocol used in AEMOS is bilateral
contracting where B agents are looking for S agtras
can provide them with the desired products at tist b
conditions.

Negotiation starts when a B agent sends a request
for proposal (RFP). In response, a S agent analyses
own capabilities, current availability, and past
experiences and formulates a proposal (PP). On the
basis of the bilateral agreements made among market
players and lessons learned from previous bid reund
both agents revise their strategies for the next
negotiation round and update their individual
knowledge module.

The negotiation protocol has three main actors: B
agents, S agents and MF agent. Both agents, B and S
may seek advice with a SN-i agent in order to decid
about the acceptance/formulation of a proposal.

When a deal is closed, the B agent is expected to
perform the payment, and the S agent the delivery,
according to the CBB model (Runyon & Stewart,
1987). Then, when the transaction is completedh bot
agents are invited to evaluate the whole process (i
rate the negotiation partner and, if it's the calse,used
ontology mappings).

If some agent frequently fails to close a deal or
perform the payment or delivery, the negotiatingner
can express its dissatisfaction with the agentdisgna
declaration of depreciation with the agent’s bebato
the MF agent. On the other hand, if an agent has a
history of satisfactory interactions with anothgeat, it
can express its satisfaction by sending a decteradf
appreciation with the agent’s behavior to the MErdg

3. THE ONTOLOGY-SERVICES COMPONENT

To provide a transparent semantic interoperability
between all e-commerce actors, AEMOS has an
ontology-services  infrastructure  whose  system
architecture recognizes three new types of actiies:
Ontology Matching Service (OM-s) agent that is able
specify an alignment between two ontologies based o
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some ontology matching algorithm. There are several
OM-s on the marketplace, each one providing theesam
service but based on distinct matching approaches
(Euzenat & Shvaiko, 2007); the Ontology Matching
Information Transformation (OM-t) agent that is
responsible  for transforming any information
represented according to one ontology (i.e. source
ontology) to information represented according to a
target ontology, using an already specified alignine
between those two ontologies; and the Ontology
Matching Repository (OM-r) agent that registers the
agreed ontology alignments specified between agents
ontologies. These alignments are applied to enable
further agents’ interactions.

These actors deploy a set of relationship types
whose goal is to automate and improve the quality o
the results achieved in the e-commerce transactions

3.1.The Integration Protocol

Considering the previous descriptions, a more cetaepl
and complex protocol is now detailed, including the
OM-i and SN-i agents in the system, Figure 1.
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The integration starts when a B agent sends a
request for proposal message to the MF agent. In
response, the MF tries to find possible S agentshie
request by selecting the ones using the same @ytal®
the B agent or an ontology with known
correspondences.

When B and S use different ontologies the OM-i
starts the ontology mapping specification procest)
the support of other entities, including matchiggmats,
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ontology mapping repositories and SN-i. SN-i is
responsible for retrieving the relevant informatfoom
ontology mapping repositories and social netwolrksst
similar ontology mapping experiences undertaken by
agents with trust relationships with B and S wél ised

by SN-i to compile the social network repository
information. Because the request for this inforomatis

the exclusive responsibility of OM-i, both B anda&
advised to perform a similar verification (eventyal
using other SN-i) once the ontology mappings are
submitted for negotiation.

At the ontology mapping negotiation, both B and S
decide about their interest in negotiating with the
proposed partner and the ontology mappings that are
preferred. The decisions are sent to the OM-i wilb w
check for a possible agreement. If an agreement is
found both B and S are required to confirm their
acceptance.

Despite the fact that Figure 1 represents only the
acceptance scenario, a rejection scenario is also
possible, in which case no further interaction wiktur
between B and S. In case the mapping is acceptéd, M
resumes the protocol by requesting to OM-i the RFP
data transformation. Using the ontology mapping
document, RFP data represented according to B’s
ontology is transformed into data represented alicgr
to S’s ontology. The transformed data (RFP’) is
forwarded to S, which will process it and will rgpb
MF. MF will then request the transformation of the
proposal data (P) and will forward the transformed
proposal (P’) to B. B processes it and will accept
formulate a counterproposal (CP). As illustrateabeoa
mutually acceptable ontology mapping is established
between B’s ontology and S’s ontology, all messages
exchanged between B and S through MF are forwarded
to OM-i for transformation.

Notice that Figure 1 represents one single S agent
in the system, but in fact multiple S agents capatil
replying to the request may exist in the marketpldn
such case, the system would replicate the previous
protocol for as many capable S agents.

4. THE SOCIAL NETWORK COMPONENT

During the simulation, information about the mar kst
participants and their interactions is collectedd an
maintained. This information is then provided to-EN
agents who apply social network analysis techniques
(Wasserman & Faust, 1994) in order to capture
proximity relations between agents. This knowledge
allows the improvement of the market's functionimg
supporting agents on their decisions.

4.1.Relationship Graph Building

A SN-i agent starts by building the agent’s relasioip
graph by comparing each agent to all others,
determining the existence and intensity of relation
between pairs of agents. For each pair of agehts, t
SN-i evaluates:
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e The similarity between their attributes
(normally, personal data or preferences
provided during the registration phase);

» The similarity of their actions (rating ontology
mappings, rating other agents, declarations
about other agents);

» The existence of appreciation relations
between them (relation that exists when one of
the agents declared appreciation or
depreciation with the other’s behavior).

The intensity of the relationship between the pair
of agents results from the weighted average of the
values obtained for each of these evaluations.

4.1.1. Agents’ Attributes Similarity Evaluation
To evaluate the similarity of attributes, the Saiiracts
properties of the information provided by both agen
during their registration on the market, normally
personal data and preferences. There are difféypas
of properties that can be characterized by the type
value, namely discrete (e.g. marital status) or
continuous (e.g. age), and the number of times tlagy
be declared by an agent, namely functional (onlg,on
e.g. marital status) or non-functional (e.g. trdste
community).

The value of similarity for a continuous property
can be obtained by (Wu, et al., 2007):

Ip(a)-p(D)|

contPropEval(a,b,p) =1 — ax(p)—min(®)

1)

Wherea and b are the analyzed agents,is the
evaluated propertyp(a) and p(b) are the values of the
propertyp for agentsa andb respectivelymax(p) is the
maximum limit for propertyp and min(p) is the
minimum limit. Following the same conventions, now
with p(a) andp(b) representing the set of values of the
propertyp for agentsa andb respectively, the similarity
value of a discrete functional property is given(hyz,
2010):

discFuncPropEval (a,b,p)

_ {1: [p(a) Np(b)| >0
0: otherwise

(@)

The similarity value of a non-functional discrete
property is given by (Luz, 2010):

_ Ip(@)np()]|

discNonFuncPropEval(a,b,p) = —— )

SN-i will compare each property that is declared
for both agents. The result of this evaluationbtamed
by averaging all calculated values.

4.1.2. Agents’ Actions Similarity Evaluation

For the evaluation of similarity of agents’ actiprise
SN-i considers the following actions: (i) rating an
ontology mapping; (ii) rating an agent; and (iii)
declaring appreciation/depreciation with an agent's

978-88-97999-09-6; Breitenecker, Bruzzone, Jimenez, Longo, Merkuryev, Sokolov Eds. 146



behavior. SN-i starts by checking if both agents
performed the same type of action over the same
market’s element (ontology mapping or agent), dnd i
so, checks if they performed it in a similar wayg(df
both agents gave a positive rating to a determined
agent).

For this evaluation it is applied a similar appioac
to the one used for non-functional discrete propgrt
considering as a property an action performed over
some market's element. SN-i will calculate the
similarity of each action performed over the same
element and then the final value of this evaluati®n
obtained by averaging all calculated values.

4.1.3. Agents’ Appreciation Relations

The appreciation relations correspond to the datitar
of appreciation or depreciation with an agent's
behavior. The agent includes a value in this datlams
that determines if it's a declaration of appreciati
(positive value), or depreciation (negative valus)d
its intensity (e.g. a high negative value represartigh
level of dissatisfaction). The result of the evéilua of
appreciation/depreciation relations correspondshio
average of the values attributed in the declaratitfmo
relation exists the value is zero.

4.1.4. Resultant Relationship Graph

SN-i obtains a value for each of the three evabmati
mentioned above (Sections 4.1.1, 4.1.2 and 4.ar8),
the relationship intensity value corresponds to the
weighted sum of these values.

After repeating the process for all pairs of agents
relationship graph is obtained, where each node
represents an agent and each edge representsianrela
between two agents. The resultant graph is directed
weighted and signed, meaning that each relation is
directed (not bidirectional), has an intensity ‘alu
associated which might be positive or negative.

The graph is updated when new information is
provided and is consulted when necessary.

4.2.SN-i Functionalities
As illustrated in Figure 1, an SN-i agent may reeei
two types of requests:

« Request to evaluate a set of ontology mappings
for a pair of agents: in Figure 1, request
RegMappingsRating(B,SMs),  where Ms
corresponds to the list of ontology mappings to
evaluate for a given pair of agents, nhamBly
andSagents;

* Request to advise an external agent about the
use of an ontology mapping and/or the
negotiation with a proposed partner: in Figure
1, requests RegAdviceAboutSANdMs(S,RMS)
and RegAdviceAboutBAndMs(B,RMs), where
RMs is the list of ontology mappings to
evaluate for the agent that performed the
request, an® andB correspond to the agents
that should be evaluated.
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In order to fulfill these requests, the SN-i shobéd

able to:

* Determine the confidence value of the
proposed ontology mapping for an agent, or
pair of agents;

» Determine the level of trust that an agent
should have with the proposed negotiating
agent.

4.2.1. The Confidence Value of an Ontology
Mapping for an Agent

The confidence value of an ontology mappii) for

an agent is obtained considering the (i) evaluation of

the ontology mapping information taking into accoun

the agent's preferencesndplnfoEval(a,M)), (ii) the

ratings of the ontology mapping given by agentd tha

have a relationship with the analyzed agent

(rel AgtsRateEval(a,M)) and (iii) the rating given by the

agent itself (ate(a,M)):

mappingTrustValue(a,M) =
a.maplnfoEval (a,M) + 4)
B.relAgtsRateEval (a,M) +
y.rate(a,M)

wherea, B andy are the weights attributed to each
evaluation.

For the evaluation of the ontology mapping
information a simple approach is followed:

mapl nfoEval (a,M) =
d.mapMetricsEval (M) +
&.prevPerformanceEval (M) + (5)
(.relEntitiesEval(a,M) +
n.valuedPropEval (a,M)

wheres, ¢, { andn are the weights attributed to
each evaluation, and:

e The ontology mapping metrics, i.e.
mapMetricsEval(M), is given by the
percentage of covered concepts and properties
of the agent's ontology, and the average
percentage of properties mapped by concept:

mapMetricsEval (M) =
mappedConceptsPercent(M) + ©6)
mappedPropertiesPercent(M) +
avgMapPropByConceptPercent(M)

e« The previous performances of the ontology
mapping, i.eprevPerformanceEval(M). In this
case some historic information about the prior
usage of the ontology mapping, namely the
average loss of information during the
transformation processagLossinfo(M)), can
be considered:
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prevPerformanceEval (M) =

1 —avgLosslnfo(M) (7)

e The ontology mapping related entities (i.e. the
communities responsible for its creation and
maintenance) comparing with the ones the
agent trust.relEntitieskEval(a,M) is given by
the sum of the weight attributed by the agent to
the trusted entities that are related to the
mapping CE(a,M), meaning common entity
betweena andM). This value is then divided
by the sum of the weights of all entities that the
agent trustsTE). If no weight is attributed it is
considered to be 1:

- _ Y weight(a,CE(a,M))

rel EntitiesEval (a,M) = W (8)

e The ontology’s concepts or properties covered
by the mapping, comparing with the ones
valued by the agent, i.galuedPropEval(a,M).

It is given by the sum of the weights attributed
by the agent to the properties/concepts that are
both valued by the agent and covered by the
mapping CP(a,M)), divided by the sum of the
weight of all properties/concepts valued by the
agent YCP):

_ Y weight(a,CP(a,M))
valuedPropEval(a,M) = Sweight(@rcr) (9)

To evaluate the ratings given by related agents, th
SN-i consults the relationship graph, selecting the
agents with closest relations (i.e., relations witgher
positive value) with the analyzed agent who rates t
ontology mapping. The SN-i can continue searchimegy t
graph for related agents until the obtained infdiomais
considered sufficient. The value of the analysigiv@n
by the average of the ratingsie) made by the related
agents RA), weighted by the intensity of its relation to
the agentrglVal).

YperarelVal(a,b).rate(b,M)

rel AgtsRateEval (a,M) = SrenarelValan)

(10)

By considering the information about the ontology
mapping, and not only the evaluations made by the
related agents, the cold start problem (a typicablem
of collaborative recommendation systems that rises
when an item, here an ontology mapping, has no
previous evaluations) does not occur. The historic
information about ontology mapping’s performance,
namely average loss of information during the
transformation process, enables a fair comparison
between those ontology mappings that contempldte on
a relatively small part of an ontology (that in tharent
context is usually the only part that is relevawijh
those who have a higher coverage but the samearglev
parts.
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4.2.2. The Confidence Value of an Ontology
Mapping for a Pair of Agents
When SN-i receives a request to evaluate a set of
ontology mappings for a pair of agents, the process
described above (Section 4.2.1) is repeated foh eac
mapping for each of the two agents, i.e., for a péi
agents, namely ageatand agenb, SN-i calculates the
confidence value of each mappirg for agenta
(mappingTrustValue(a,M)) and for agent b
(mappingTrustValue(b,M)), and the confidence value of
the mappingM is obtained by averaging the calculated
values:

mappingTrustValue(a,b,M) =
frappingTrustValue(a,M) +
mappingTrustValue(b,M)) / 2

(11)

4.2.3. The Level of Trust an Agent Should Have
with another Agent
The level of trust that an agent should have witbtler
(confidence value of the relation) is determinedain
similar way to the previously described for thealogy
mapping. In this case the SN-i considers the ratthgt
the agents closest to the one that performed tigest
gave to the agent that is being analyzed
(relAgtsAgtEval) and the one given by the agent itself
(rate). It also considers the existence and intensitg of
relation between the requester and the analyzedtsage
(relVal). The metric can be represented as:

agentTrustValue(a,b) =
LrelVal(a,b) +
w.relAgtsAgtEval (a,b) +
o.rate(a,b)

(12)

wherea is the agent that performed the requbst,
is the agent being analyzed, ahdp and ¢ are the
weights attributed to each component. The evaloaifo
the related agents’ ratings of agéritan be obtained by:

Y.cerarelVal(a,c)+rate(c,b)
YcerarelVal(a,c)

rel AgtsAgtEval(a,b) = (13)

When an agent seeks advice about another, some
information like (i) the tendency of the agent’simgs
(i.e. if the rates given by other agents are stable
increasing or decreasing), (i) the agent's prestig
(obtained through the analysis of its positive tiefss),
and (iii) the agent’s global and local satisfaction
(obtained through the analysis of the transactions’
negotiation both with the requester agent and lth
agents) can be very important, and should be peavid
as additional information about the agent.

Some evaluations (represented by equations 4, 5
and 12) have weights associated to each compadmaint t
allows differentiating its relevance to the finalwve.
These weights are defined by the user at the stianla
configuration.
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5. CONCLUSIONS

New generation of e-commerce applications allows e-
commerce actors (represented by software agents) to
adopt different ontologies to describe their uréeepf
discourse, their needs and their capabilities jnmgisn
heterogeneity problem that is seen as a cornee $tim
interoperability, namely for communication. Thenmefp

to achieve a consistent and compatible communitatio
agents need to reconcile their vocabularies, throag
ontology matching process, resulting in the alignime
of their ontologies. While in several domains of
application the alignment specification can be done
design-time, e-commerce scenarios require that
alignment specification is done in run-time since e
commerce actors have no prior knowledge of therothe
actors with whom they will interact.

AEMOS relies on the conviction that the
marketplace must provide a technological framework
promoting and enabling the semantic integration
between parties through the use of ontology matchin
Yet, it is our conviction that the marketplace must
encourage agents to play an important role in the
required matching process. Even though, that capeot
a mandatory issue and therefore the marketplacé mus
be equipped to deal with agents having different
ontology matching capabilities. It is envisagedt tha
taking part in the matching process agents mayreco
more confident in the underlying communication
process and in face of that consider the e-commerce
exchanged data (e.g. RFP and PP) more reliable)(saf
and consequently become more proactive in the
marketplace.
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