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Abstract. The automation of B2B processes requires a highl lefe
interoperability between potentially disparate syst. We model such systems
using software agents (representing enterprisdsighminteract using specific
protocols. When considering open environmentsyaperability problems are
even more challenging. Addressing business automas a task that intends to
align businesses through a tight integration otpsses may not be desirable,
because business relationships may be temporarydamaimic. Furthermore,
openness implies heterogeneity of technologiescgases, and even domain
ontologies. After discussing these issues, thiepapesents, in the context of
an Electronic Institution, an ontology-mapping $esv that enables the
automation of negotiation protocols when agents oegy different ontologies
to represent their domain knowledge. The ontologypping service employs
two approaches used for lexical and semantic giityilanamelyN-Gramsand
WordNet and poses few requirements on the ontologiesesgmtation format.
Examples are provided that illustrate the integratif ontology-mapping with
automated negotiation.

Keywords: Automated negotiation, Open environment, Heteroiggpeoblem,
Ontology-mapping.

1 Introduction

Technological support to the creation of B2B relaships is arising in many forms.
The most ambitious ones intend to automate (parthe process of creation and
execution of contracts, mainly through multi-ageygtem (MAS) approaches.

The agent technology roadmap [1] identifies ask@plem areas the development
of infrastructures for open agent communities, adl \as the need for trust and
reputation mechanisms. Electronic institutions,etbgr with ontologies and related
services, address the needed infrastructures. Noglastronic contracts and their
enforcement are pointed out as means to achieseitropen environments.

A keyword in these recommendations @pen In open environments
interoperability problems are exacerbated, posimthér challenges on the efforts to
solve them. In fact, addressing an open environnmaplies that one intends to
accommodate a wider range of agent architectuesfinblogies, or representation



formalisms. Appropriate tools are needed in ordeassist interoperation among such
disparate systems.

We will start by briefly discussing the implicatioof openness in business
automation approaches using MAS, according to @w.vWe will then concentrate
on the issue of ontologies in open environmentsngia motivation for the ontology-
mapping approach that we describe throughout tteofehe paper.

1.1 Open Agent Communitiesfor Business Scenarios

Today’s business environments are characterized bigh degree of specialization
and frequent market changes. Thrtual Enterprise (VE) concept is, as a
consequence, a major trend in enterprise interbpitya A VE has been defined as “a
temporary consortium of autonomous, diverse andiplysgeographically dispersed
organizations that pool their resources to meettdkom objectives and exploit fast-
changing market trends” [2]. In outsourcing or dypghain configurations, a tight
integration of partners using information techngiogpproaches (focused on
managing inter-organizational workflows with, e 4/eb-services, SoA, and service
composition with BPEL) provides a fine-grained eggment between parties that
leads to middle- or long-term relationships. Howevélexible and dynamic
relationships are the trend in a very competitiverkat. Because of this, we address
interoperability in open business scenarios atgalleontractual level [3]. Contracts
formalize partners’ commitments in a way that alofor their monitoring and
enforcement.

In “breeding environments” [4] potential partnerg already acquaintances and
typically have previous common business experiencélis facilitates the
construction of business agreements, as partiegetgron relational contracts [5],
which specify continuous relationships that areuraly self-enforceable. However,
in open environments potential partners may noatguaintances, meaning that a
business engagement may comprise entities that mewer worked together in the
past. In this more open setting formal contract$ #ueir enforcement are a means to
ensure trust.

Looking from a MAS perspective, while agent theadgscribes agents as
autonomous self-interested entities, preferablgrattting in open environments, an
important issue arises when attempting to applynesge real world scenarios: how to
ensure cooperative outcomes in scenarios populatidself-interested agents? A
possible answer to this problem is to regulateeth@ronment, providing incentives
for cooperative behavior through normative constsaj6].

Taking the aforementioned roadmap [1] into accowethave been developing an
Electronic Institution (El) platform motivated bhe need to develop services that
assist the coordination efforts of agents whiclpresenting different real-world
entities, interact with the aim of establishing ibass relationships. We therefore aim
at agent-based B2B contracting, focusing on proaesmation. Some of the services
we developed are depicted in Figure 1. The negotiabnd establishment of
electronic contracts are important in businesgattons among companies that rely
on running their businesses electronically.



The establishment of contractual agreements is atggh with negotiation
mediation, based on appropriate negotiation prdsoaod contract templates, defined
using an institutional ontology. The validation aegjistration of contracts allows for
their “legal” existence. Contracts are created assalt of a successful negotiation.
However, we do not assume that agents will alwayse Hheir negotiations mediated
within the El. As such, agents may opt to use tustinal services for compliance
checking only. An enforceable normative environmisnéstablished by rendering a
contract monitoring and enforcement service, whedisters transactions and verifies
norm applicability, as well as the fulfillment dfyjsed contracts.

Institutional

ontology

repository

. 1
Negotation Contract valiation / Contract monitring

mediation

1
1
1
1
1
1
1
1
1
Transction| !
1
1
1
1
1
1
1
1

registration (notary and enforcement
. 1

_______________ , /\
O

Fig. 1. Some services in an Electronic Institution

Although aiming to address open environments, wda@e a set of assumptions
regarding agents’ interoperability. First of allgemts must be able to ‘speak’ a
common language (ACL in the agents’ world [7]). \Wlso assume that there is a
common understanding on domain-independent busimesabulary, concerning
terms such as ‘proposal’, ‘price’, ‘delivery’ ordgment’.

We have also assumed in the past that agents bawaan domain ontologies, an
issue that we have later addressed by adding aywdlased services to our
infrastructure. This paper describes how such sesvhave been integrated with the
contract negotiation phase. Before we describeapproach, in the next subsection
we will identify this problem more clearly.

1.2 Ontologiesin Open Environments

An intrinsic problem that must be dealt with whgrpeaching open systems is that
each of a set of heterogeneous entities may palgntise a different domain
ontology. There may be syntactic or semantic dsmmeies in these ontologies: the
same information may be stored in different repmeseon formats, diverse
terminologies for the same concepts may existvenéhe same terminology may be



used for distinct concepts. This heterogeneity isriical impediment to efficient
business information exchange and to the automafi®2B processes.

The most simplistic way of solving this problemtésf called thenteroperability
or heterogeneity problerf8, 9]) would be to define either a common ontgldgsed
by all) or a shared one (in terms of which everyocae communicate) which could be
understood by all agents participating in businessractions (inside a “breeding
environment” [4] common domain ontologies might yai@. However, open
environments (where a central design is neithesiptesnor desirable) populated with
heterogeneous agents make the common ontologyurdsasible. Each agent will
typically use a different ontology, and enterpriggt not consider converting all the
content of their ontologies if the target ontoldgyless expressive or not considered
as ade factostandard.

The Foundation for Physical Intelligent Agents (&)P[10] has analyzed the
interoperability problem in heterogeneous Multi-AgeSystems (MAS) and has
proposed an Ontology Agent (OA) for MAS platform&1l]. Among other
responsibilities, the OA may provide the transhatservice of expressions between
different ontologies or different content languadegsitself, possibly as a wrapper to
an ontology server. In this paper we present arldmentation of such a service,
embedded in an Electronic Institution. The ontologgpping service is aligned with
a negotiation mediation service, allowing negatiatio take place between entities
using different domain ontologies.

The rest of the paper is structured as followsti8e@ contextualizes the usage of
an ontology-mapping service in agent-based autaimaietracting. Section 3 details
the service itself. In Section 4 examples that exphe service are provided. Section
5 concludes.

2 Interoperability in Agent-Based Automated Contracting

There is a strong research effort towards the aatiom of B2B contracting
processes. In particular, multi-agent systems telogy is being used to establish
business contracts by automatically negotiatingagents.

An Electronic Institution (El) is a software platfo that aims at (i) supporting
agent interaction as a coordination framework, mgkhe establishment of business
agreements more efficient; and at (ii) providingeael of trust by offering an
enforceable normative environment [12]. The ontglegrvice described in this paper
is essential to serve the first of these aims.i®darly when addressing an open
environment, where a central design is not possiaigents representing different
enterprises (hencefortmterprise agenjamay use different domain ontologies, which
have to be matched in order to make the (automastlblishment of agreements
possible.

The EI will offer a set of services related to cant establishment and execution.
A major service concerns negotiation mediationpdlygh which an enterprise agent
may automatically find and negotiate with potengiattners. Negotiation is typically



based on appropriate negotiation protocols andrachntemplates. The beginning of
the negotiation mediation process is where ontok®gyices come into play.

In open environments, different domain-dependertaialary may be used by
different business entities. Ontology servicesiamgortant to allow for negotiation to
take place. Figure 2 illustrates these concepts.

Institutional
ontology

Negotiatio

i
1
i
1
i
i
i
protocols |
1
i

Negotiation
mediation

Ontology-based
services

Domain Domain
ontolog ontolog

Fig. 2. The interplay between negotiation mediation anblogy services

The negotiation mediation service acts as a medizbveen an enterprise agent
and a set of potential partners (other enterprggnis). Each of these has a set of
competences based on certain classes of compahants is able to supply. When
asked for, each enterprise agent can negotiatsuiygly of a component of a certain
class, if that class is in his competence list.urég3 illustrates the start of the
negotiation process when there is no ontology serfar solving the heterogeneity
problem: enterprise agents on the right side mapregented from participating in
the negotiation because of an ontology mismatch.

The ontology-mapping service can be used when smterprise agent does not
understand the content of a CFP message (i.eothpanent class under negotiation).
The agent may recur to the service in order to @indif he supplies components of a
class matching the one asked for. Figure 4 illssrahis process. In this case an
enterprise agent on the right hand side is ableatticipate in the negotiation thanks
to the ontology-mapping service, which gave him apping between the asked
component class and one described in his ontologgrder to reduce the potentially
large space of mapping attempts that the ontologgpimg service has to do, some
heuristics may be used to preselect only thosesetashat have a potential to
successfully map with the target class.
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Fig. 3. Negotiation-mediation without an ontology-mappsegvice
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Fig. 4. Negotiation-mediation with an ontology-mappingvies

This kind of service is mostly important if we cader that the negotiation process
is to be automated through the use of enterprisitngre) agents. In the next section
we detail the workings of the ontology-mapping sev



3 Ontology-Mapping Service

Our background scenario is based on a set of eigermgents requesting or
supplying certain classes of components, for wiiely use a negotiation mediation
service. Despite their potential interest in thmsacomponents, it is not guaranteed
that they use the same names to define them. Seiphas a customer wants an
‘alarm’ and a supplier has exactly the componeat this customer is looking for;
however, in the supplier's ontology the componentknown as a ‘siren’. An
automated negotiation process will fail if this @logy mismatch is not dealt with.
Our approach is based on a service whose aim imidke a mapping between
concepts defined in two different ontologies.

This section describes how the mapping process taleee. This process is based
on the principle that if two different ontologiespresent the same domain, then there
is a high probability that the described concemseha similar syntax and share
similar attributes [8]. We will start by describitige minimum set of assumptions that
enable the usage of the ontology-mapping service.

3.1 Assumptions on Ontology Representation

Even in open environments, a minimum set of corivantis needed to enable the
interaction between heterogeneous agents, beAC4an negotiation protocols, and so
on. In the B2B domain, it is generally assumed thatties have a common

understanding on domain-independent business vtargboncepts like proposal,

deal or price must be part of a common base onyolégve want enterprise agents to
automatically negotiate contracts, they should &ksee a common understanding of
what a delivery or a payment means.

X Y
Mabpi
axd T < apping ayl 71
ax2:T2 ay2:T2
N N N N
/ \ / \
/ \ / \
/ \ / \
x1:X x2:X yl:Y y2:Y
ax1:T1 ax1:T1 ay1:T1 ay1:T1
ax2:T2 ax2: T2 ay2:T2 ay2:T2

Fig. 5. Classes, attributes and components

In order to render an ontology-mapping service,ismum set of requirements is
also needed regarding the representation of conmpeme different ontologies. Each
ontology must be describable in terms of classesaitnibutes (see Figure 5). Each
component is an instance of a class that defiseype. Each class has a name and a
set of typed attributes. The mapping-service wdldased on matching class names
and class attributes.



Since we set the foundations of our approach orcdéxand semantic similarity
tools (in this case using/ordNet— an English-based tool), an additional assumption
that we make regarding the to-be-matched ontologigkat they are based on the
English language.

The following subsection describes how the mappirgess takes place.

3.2 Ontology-M apping

Ontology mapping is the process of finding corregfences between the concepts of
two ontologies. If two concepts correspond, thezytimean the same thing or closely
related things. The mapping process is based ompmooaches. The first approach is
N-grams[13]: an algorithm that takes as input two strimgel computes the number

of common sub-strings between them. The other @mpreonsists of using/ordNet

[14], which is a free lexical database containirggnantic and lexical relations
between words. Succinctly, the-Grams algorithm computes a lexical similarity
between two words, whilé&/ordNetcomputes a semantic one. These two approaches
are applied to the names of the classes and atbeitaattributes, obtaining an overall
mapping score between two classes, as explainewbel

N-Grams. The N-Grams[13] algorithm takes as input two strings and catap the
number of commom-gramsbetween them. An-gramis a sequence of characters;
for each string, the algorithm computes the setligfossiblen-gramsthat are in each
string. A pre-processing step consists of normagjziboth strings: all non-
alphanumeric characters are replaced with ‘. $&eond step is to get tinegrams
from each string (sub-strings of length Finally, the algorithm counts the number of
n-gramsof the first string that match angramof the second string. The number of
matches is used to calculate the outcome of therithgn — a value of similarity is
obtained from the formula:

Value = number of matches
number of n-grams in first string

The value obtained is within the range [0.0; 1THe algorithm is parameterized
with the value ol (the size of each-gram). In our approach we chose a value of
n=3 to produce3-grams

The N-Gramssimilarity approach has been used as an altematiword-based
systems. It has the merit of being robust in millisggecases, which can be expected
to occur in a scenario with multiple ontologies floe same domain.

WordNet. WordNet[14] is a lexical database designed for automaticessing that
provides an effective combination of traditionakki®mgraphic information and
modern computingWordNet contains thousands of words, including nouns, serb
adjectives and adverbs. These words are groupedsits of cognitive synonyms
(synset} each expressing a distinct concept.

Other comparable systems exist [15], but with etss&ndifferent purposes, e.g.
CYC (a general knowledge base and commonsense regsengine) orEDR (a



dictionary with a bilingual English-Japanese em@)a€omparing taNordNef CYC
is a more general-purpose system, whil2R has a different scop®/ordNetfits our
purposes for being an essentially linguistic knalgle base for English.

Furthermore, we make use WordNet::Similarity [16], a WordNetbased Perl
module [17] that calculates the similarity or relitess between a pair of concepts,
according to several different measures, such amiReJiang-Conrath, Leacock-
Chodorow, Hirst-St.Onge, Wu-Palmer, among otheraddiees of similarity quantify
how much two concepts are similar, based on inftionacontained in a hierarchical
model. For instance, an ‘automobile’ can be considianore like a ‘boat’ than a
‘tree’, if ‘automobile’ and ‘boat’ share ‘vehiclels a common ancestor. Measures of
relatedness compare concepts using relations hks part”, “is made of” or “is an
attribute” instead of a hierarchical model. Fortamge a ‘wheel’ would give a good
relatedness with a ‘car’, since a ‘wheel’ is amiltite of a ‘car’ [16].

In previous work [8] we concluded that the most rappiate measure for our
scenario is Leacock-Chodorow (LCH), a similarity asere based on path lengths
between concepts. LCH finds the shortest path mivweo concepts and scales that
value by the maximum path length in which they oc®de then normalize that value
to obtain a result within the range [0.0; 1.0].

In our domain, class and attribute names are noégsarily words appearing in
WordNet When names are made from word compositions, it bethe case that
they are not part oVordNets database (e.g. while “photographic equipmenti ba
found, “vision angle” cannot). In such cases, aprazessing step dividing the names
into words is needed in order to try to find indival word mappings (e.g. the words
“vision” and “angle” may be found iWordNe}, which are then averaged if a
mapping is found for them.

Mapping Process. Since we do not know at the beginning if two wandse a lexical
or semantic similarity, the ideal would be to applyth measures for each pair of
words. However, this may not be feasible for pemiamce reasons, because
WordNet::Similarity[17] has a client/server architecture with sod@hmunications,
which introduces a large latency. For this reasemfirstly applyN-Gramsand only
if the result is not satisfactory we make us&\frdNet::Similarity
Ontology mapping starts with a list of componeiissks that can be matched with

the requested (i.e. target) component class. Ekds in the list will be tested. We
choose the best matching class provided that iateisfactory value. The following
algorithm implements this overall mapping process:

1. Letbc be the best matching class and bs ___its matching score

2. Foreachclassc _inthelist

a. Compute c_'s matching score with target class

b. Update bc _and bs _
3. Ifbs__is satisfactory then return bc __, otherwise return null

The matching scoreé above) between a class and the target class svérage
of two values: the similarity score of their nanaxl their attributes. The attribute
matching process is done only for attributes ofslme type, and is successful only if

there is a mapping for every attribute of the targass. The following algorithm
shows how the matching score between two classedaslated:

1. Compute the class name similarity score ns



2. Compute the attribute list similarity score as

a. Letas be the attribute list similarity score

b. For each attribute at ___inthe target class attribute list

i. Find the “unmatched” class attribute a _ with best
similarity score
ii. Updateas _
iii. Marka_as “matched”

3. Return the average of ns __andas

Similarity is calculated by first applyingN-Grams and eventually using
WordNet::Similarity as described in the following algorithm:
1. Computethe N- G ans similarity score ngs
2. Ifngs__is satisfactory then return ngs

3. Computethe WordNet:: Simlarity similarity score wns
4. Return max of ngs and wns

As explained above, botlys andwns are within the range [0.0; 1.0].

One might think that this approach is rather vudidg to homonym-like pairs of
strings: although syntactically very similar, theyuld mean entirely different things,
and N-Gramswill give them a high similarity score. While this the case, it is
unlikely that in such a situation the concepts dbsd will have similar attributes,
and thus this problem is somewhat contained. Irerothiords, since a matching
process involves calculating d+similarity scores (wheren is the number of
attributes), the homonym problem is unlikely toden our approach.

The following section describes an example thatwsha scenario with suppliers
and customers having different ontologies and wtiesemapping process is applied.

4 Example

In order to exemplify the usage of the ontology-piag service and the mapping of
several classes, a scenario is described in thewioly subsections. The scenario
includes suppliers and customers interested in ocoepts from the domotics domain.
It was tested in our Electronic Institution platfordeveloped with the JADE
framework [18].

Ontologies were created using the Protégé ontodatifpr [19] and saved in OWL
files. This format allows defining classes of coments in an object oriented model,
where sub-classes inherit attributes from supesselss Each enterprise agent
instantiates components in an OWL file extendedhftbe ontology definition.

4.1 Scenario

The scenario contains six agents (see Figure 8¢ &fi them are suppliers (Supplyl
to Supply5) and one is a customer (Requestl). Thtomer uses the same ontology
(B) as Supplyl, Suply2 and Supply3. On the otherdh&upply4 and Supply5 have
defined their components based on a different ogio(A). The arrows in Figure 6
show which classes of components are supplied loh ed the suppliers. The
customer Requestl is interested in composing a agackwith four different
components: a ‘Command’, a ‘Switch’, an ‘Alarm’ aad'‘Camera’. In ontology A
these kinds of components are known, respectiaslyControl’, ‘Cutout’, ‘Siren’ and



‘Photographic_Equipment’. Suppliers Supply4 and @y need to use the ontology-
mapping service if they are to enter the negotmatfor each of the requested
components. Supply4 is the only agent who has a m&a
(‘Photographic_Equipment’ in his ontology); thenefpit is absolutely necessary that
the mapping is correctly done; otherwise, Requaéiilnot be able to negotiate this
component, which will prevent him from composing thtended package.
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Fig. 6. Scenario: agents, ontologies and classes of coemg®n

In addition to the class names, the ontologies differ in the attribute names for
each class. Table 1 summarizes the attribute nfonésth ontologies. We can notice
that the attribute named ‘price’ is the only oneiakhis actually the same in both
ontologies. For all other attribute names, somdeatieally similar, while others have
only a semantic resemblance. For instance, ‘haslegs’ in ontology B is lexically
similar to ‘wireless’ in ontology A. On the otheard, the attribute ‘sight_grade’ in
ontology A has no lexical similarity with the albitite ‘vision_angle’ in ontology B,
and yet they mean the same thing. Hence it is tmayticipate that the mapping of
the attributes ‘wireless’ and ‘has_wireless’ wik lsolved by usingN-Grams while
WordNet::Similaritywill help on solving the pairing of attributes déit_grade’ and
‘vision_angle’.

Table 1. Class attributes for ontologies A and B

Ontology B
Attribute Class
price all
reach Commang
code Commang
number_button Switch

db Alarm
has_wireless Camera
vision_angle Camera
lens_size Camera




According to this scenario, we expect that the logiyp-mapping service is able to
map classes from ontology A with classes from auplB. For instance, when
Supply4 receives a CFP from the negotiation mediétee Figure 4) asking for a
‘Camera’, he looks at his ontology and does nat fimt class. Consequently, he will
ask the ontology-mapping service, which will givenhthe respective mapping,
telling him that ‘Camera’ represents a concept Isintb ‘Photographic_Equipment’.
Additionally, the service will also give him a mapg between the attributes of
‘Camera’ and those of ‘Photographic_Equipment’.

4.2 Results

Table 2 shows the values obtained with the mappiogess applied to the classes
‘Camera’ and ‘Photographic_Equipment’. As we cae, $be mapping between class
names was obtained usiigordNet::Similarity[17], after a foreseeable failure Nf
Grams- there is no lexical similarity between the twords. This value is 0.81 and
represents 50% of the final score for this dlaggtribute ‘price’ has a perfectly
matching attribute according td-Grams hence the confidence of 1.00. Attribute
‘has_wireless’ had a satisfactory matching withilatte ‘wireless’ usingN-Grams
(0.64). As for attributes ‘lens_size’ and ‘visiomgde’, they both did not get a
satisfactory result usingN-Grams A better result was obtained using
WordNet::Similarity ‘lens_size’ matched ‘lens_dimension’ with 0.8&islon_angle’
matched ‘sight _grade’ with 0.73. These results webtained by averaging the
mappings of two pairs of words composing the aitebnames. The global score for
attribute matching is the average of each individa&ibute matching score: (1.00 +
0.64 + 0.85 + 0.73) / 4 = 0.81. The final scor¢hisn the average of both (class and
attributes) scores: (0.81 + 0.81) / 2 = 0.81.

Table 2. Mapping results for classes ‘Photographic_Equigh@erd ‘Camera’

P Ontology A | Ontology B Confidence

i Photographic_Equipment | Camera 0.81WN::Sim). | 0.81

. price i price 1.00 N-Gramg

. wireless has_wireless 0.6A\cGramg 0.81 0.81
__lens_dimension : lens_size 0.85W/N::Sim '

. _sight grade | vision_angle 0.73WN::Sin)

The ontology-mapping service gave results of highfidence for all the classes
considered. Results are summarized in Table 3.

The user interface at Figure 7 shows, for Suppliydo(had components belonging
to classes ‘Cutout’, ‘Siren’ and ‘Photographic_Hiuent’), that all these classes
were correctly mapped by the ontology-mapping servSupply5 also had a list of
mapped classes for ‘Control’ and ‘Cutout’.

1 The actual score obtained WordNet::Similarityfor mapping the class names ‘Camera’ and
‘Photographic_Equipment’ is 2.99, which was themmalized to the range [0.0; 1.0].



Table 3. Confidence values for each class mapping

i\ OntologyA i | Ontology B Confidence
:Control i | Command 0.97

f Cutout ! | Switch 0.82
§_$j[gp _______________________ Alarm 0.90

: Photographic_Equipment | Camera 0.81

Figure 8 shows information regarding the negotiatid the four components that
were part of the package intended by Requesthdrsécond column we can see the
number of agents who negotiated those componentsihg again at Figure 6, we
can conclude, that all agents who had a compomestpply were involved in the
negotiation, regardless of the ontology they hampsetl. Three agents negotiated the
‘Command’ component: Supplyl, Supply2 and SuppBb.agents negotiated the
‘Switch’ component. Two agents negotiated the ‘Alacomponent: Supply3 and
Supply4. Finally, the only supplier who had a ‘Caale— Supplyd (a
‘Photographic_Equipment’ in his ontology) — was thely one who entered the
negotiation of that component.

PRI
— . Foreign Class Name Own Class Name
fSupply r’ Request r Megotiations rCuntrat:ls r Ontologies | Trusts alarm Giren
Foreign Component(s) Attributes
Alarm_1 Foreign Class Name Own Class Name Faoreign Matme ; Qi Marme
amera_2 Camera FPhotographic_Egquipment arice price
Switch_1 decihel dh
Attributes
Fareign Marne Own Marne
has_wireless wireless B
lens_size lens_dimension Foreign Class Name Own Class Name
price price Switch Cutout
wision_angle sight_grade
Attributes
Foreign Name Own Name
price price
number_button num_button
[x ]
Fig. 7. Mapped classes for Supply4
JRI=TE
Component Angents Kegotiating Current Winner Found I_Iility
Command_2 3 Supply1 ontl 1010 --= OVER! 28.999993
Camera_2 1 Supplyd Ont2 1010 --= OWER 28922763
Alarm_1 2 Supply30ntt 1010 --= OVER! 1.4962795
Switch_1 ] Supplyaont2 1010 --= OWER 9.935559

Fig. 8. Negotiations

The use of the ontology-mapping service made isipts for agent Requestl to
successfully negotiate all the components of tlekg@ge it intended to assemble.



5 Conclusions

The heterogeneity problem in ontology specificatisra strong impediment to the
development of interoperable automated tools. Ir ocase, we address this
interoperability issue from a multi-agent systenrspective: agents need to solve
their ontological differences in order to be ald@attomatically negotiate on behalf of
their owners. Although ontology schema mappingnigeneral, not likely to be fully
automated, we have implemented an approach with sunc aspiration in mind.
However, as noted in [20], some schema semanticdtén not explicit and thus
cannot be automatically processed, and therefortehimg tools should be used to
determine match candidates, to be confirmed byuser. Also, the user should be
empowered to manually specify matches that theesystias not able to find, and
therefore appropriate user interfaces should beldped with this concern.

The research literature devoted to Electronic tutstins does not emphasize the
importance of having ontology mapping servicestHis respect, our approach is
original, as far as we know. Some authors [21] pomt the need for having a
common ontology available for all parties insides timstitution, describing both
general and domain-dependent concepts. These a@hpsaherefore avoid the
heterogeneity problem.

A central feature in our developments is the camgization and integration of
the ontology-mapping service with a negotiationtpcol for agent-based automated
negotiation. The service enables the use of sutdnation in open settings, which
would otherwise be unfeasible. The approach to logyo mapping that we have
integrated does not require an enterprise agenatviEal possibly sensitive information
regarding his competencies. All is required is thatis able to describe his ontology
in terms of classes and attributes. Moreover, thigiral ontologies can be
maintained, which is an important advantage in & B2ntext, where an ontology
switch can be an expensive task.

Other authors have tackled the problem of ontoldigparity in the past. However,
most of them do not integrate their approaches \&ijlent interaction protocols.
Furthermore, some approaches force modificationthén original ontologies [22],
require the inspection of instances described osehontologies [23], impose the
creation and usage of a new merged ontology [24fseume more requirements on
the original ontologies’ representations [25]. Aspeoach to ontology alignment in
MAS communication is presented in [26]; in thiseaan upper ontology describing
general concepts that are the same across all deiisaassumed to exist.

We are aware that our experiments are based orifséuartificial scenarios. In
fact, most experiments reported in the literatuoefar, are toy problems. Real
experiments with ontology mapping and integratiom missing, probably caused by
the lack of available real-world ontologies on #Meb. The basic principle that we
rely on — the fact that two different ontologiepmesenting the same domain will
describe concepts with (probably) a similar syrgag share similar attributes — leads
us to believe that our approach is sensible. Howeag pointed out above, this
process is far from being a solution to enable mat negotiation when using real-
world ontology schemas. More likely, an improvedsien of this ontology-mapping
tool could be used as an assistant to find potemtéches.
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