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Abstract

This paper shows how it is possible to represent the complex data structures needed to
support electronic commerce applications in the semantic web using ontologies. The
conventional mereological or subtype-oriented refinement of the ontology is
supplemented by a method of coordinated refinement based on category theory. The
combined methods make ontologies a much more powerful tool for organising the
semantic web.
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Abstract

This paper shows how it is possible representhe complexdatastructures
needed to support electronic commerce applications in the semantigsingb
ontologies. The conventionatereological or subtype-oriented refinement of
the ontology is supplemented by a methodadrdinatedefinementbased on
category theory. Thecombined methods makentologies a muchmore
powerful tool for organising the semantic web.

INTRODUCTION - ontology engineering deficiencies for institutional
facts, and their remediation

Much of the motivatiorfor the SemantidNVeb is to permit easy interoperability of
electronic commerce and related applications. In particular, the structumeteaded to
support the use of agents in these types of applications.

Electronic commercévolves theexchange ofmessages whickexecutethe business
transactionsThere is dong history ofstandardisation othese kinds of messages in
the Electronic Data Interchange (EDI) community, and these staratatsing adapted
for the Web, both by being simplifieehd bybeingrepresented in standard structured
datatransport languages such AML. A typical very simple exchange between a
customer C and a supplier S might involve

¢ C->S Request for quotation (RFQ)

¢ S ->C Quote

e C->S Purchase Order

e S ->C Delivery Advice

¢ C->S Acceptance of Delivery

e S ->C Invoice

e C->S Payment
Each of these messages is a speech act [1]. When the sspplisra quotaéhe world
has changed to the extent that he is now obligatedipply thatproduct atthat price
to that customer if gurchaseorder is receivedvithin the period of validity of the
guote.Similarly, thesending of a purchaserder commits the customer taccept a
delivery and an invoice, and if the goods dedivered in asatisfactory state, to make a
payment.



Speech actarenot arbitrarymessages. Their use in organizational contprbsluces
what Searle [8] callsnstitutional facts Searle distinguishemstitutional facts from
physical objects, what he calisute facts An institutionalfact is abrute fact which
has a meaning in a particularstitutional context. Following theuote example, a
record ofthe quotation message havibgensent is a brute fact. The brutact is
interpreted as a record of a quotation along the lines of the prepaoagraph if it was
sent in the appropriate context.

Our EDI exchange has a number of more or less complex context®RFheequires

that the supplier and the product bothdweeessible to C. Thguote requireshat both

the custometand the product be represented ®'s databaseand onthe terms and
conditions contained in the RFQ. A purchase order depends on the existence of a quote.
A delivery advice depends on a purchase order, an acceptance of delivbe/dativery

advice, an invoice on an acceptance of delivery, and a payment on an invoice.

Searle’s characterization afstitutional facts is (brute fact) Xcounts as (institutional
fact) Y in context Cnstitutional facts are potentially very complex. In particular, the
context C can berichly and deeply structuredOur electroniccommerce example
illustrates this point — the contexecessary for a messagansmitting a sum of
money to beaccepted apayment for a shipment of @roduct in respect of aorder
based on a quotation in response to an RFQ is complex indeed.

Furthermore, almost all information systems in #lectronic commercesort of
domain are devoted to generating and storing institutional facts.

Ontology is a major tool in organising the semantic web. Ontologyéasdefined
by for example the IEEE SUO Working Grc;uas

The goal of this Working Group is to develogtandardontology that
will promote datainteroperability, informationsearchand retrieval,

automated inferencingnd natural language processing. Amtology

is similar to adictionary or glossary, but withgreater detail and
structure thaenables computers to procéiss content. An ontology
consists of a set of concepts, axiorasdrelationships thatlescribe a
domain of interest.

Ontologies thahave been constructed tlate arggenerally networks o§imple terms
connected bysubtype orpart-of relationships. Although the information systems
implementing theelectronic commercapplications have complexigtructureddata
representinginstitutional facts, it isdifficult for the ontologies to represent the
structures. In particular, with only simple terms it dficult to represent ageneric
speech act such as for examiplssinesdransactionwhich requires a genericustomey
supplierandproduct and for this generic speech act torbéned (the term comefrom
the formal methods irsoftware engineeringommunity) to more specifistructures
supporting specific business domains. The terms themsebass berefined in an
ontology, but refinement of the relationships requires not only some kind of subtype or
part structure for thgenericrelationship but also theoordinatedrefinement of the
terms.

1 http://ontology.teknowledge.com/



There is a branch of mathematics, called category thseg/ed2]), which dealswith
graphs and has a number of very powetdalls for the analysisand synthesis ofsuch
structures. Category theory has bgeoposed as aneta-ontology for the structural
aspects of semantic web applications by Johrss@Dampney [5]. It has alsbeen
proposed as a foundatiamtology for the IEEEStandardUpper Ontology in the

Information Flow Framework

Using category theory, it has been possible to propose a solution lmngastanding
problem of abstractioandrefinement in entity-relationship models [4]his solution
makes it possible to say inpaincipled waythat one moraletailedcomplexstructure
refines a more abstract complex structure. The metldedcated isfocussed on the
large scale structurdseingrefined,and doesnot interfere verymuch with themore
local refinements characteristic of ontology. We therefore propose that thmdthods
together be used to develop the structured ontology needed for institutional facts.

In the following, we first present some terminologlyd anumber of plausibleriteria
for a principled structural refinement. When present thecategory-theorybased
refinement method in the form of set of guidelinesand show how themethod
interacts with amereology-basedntological refinement. Thelectronic commerce
business transaction is used as a source of examples throughout.

Terminology and criteria for structural refinement

Complex structures are frequently representethformation systems using the entity-
relationship (ER) method. ER modelling hasvall-developed andvidely understood
terminology. Category theory is laranch of mathematics whichcan be used for
representing ER modelbut of course categoryheory has its ownwell-developed
system of terminology which iguite differentfrom that supporting ERand is very
much lesswidely known in the semantic webommunity. Unfortunately for the
comprehensibility of papers such as this, it is very difficult to express the results using
only ER terminology, so someategorytheory terminology isnecessary. Irthis
section we first develop the terminology, then give a plausible setgafrements for
structural refinement.

The fundamental elements of ER modellerg entitiesandrelationships. Arentity is

a set of objects in the businegemain (Universe of Discourse). felationship
connectsentities, defining a relationamong their instances. A number of integrity
constraints are used in ER modelling, in particulardéulinality of a relationship. A
relationship Rbetweentwo entities Aand B issaid to bemany-to-ondf it defines a
function from A to B. A relationship is said to bendatoryon the side of an entity if
every instance of the entity is constrained to participate in the relationshmiang-to-
one relationship between A and B determindéstal function if it ismandatory on the
A (domain)side,and asurjective function if it ismandatory onthe B (codomain or
range) side.

It is always possible taepresent a conceptual modeting binary many-to-one
relationships whictare mandatory othe many side. In set theory terminology, the
model isrepresented as @llection of domainsand total functions.There aremany

2 http://suo.ieee.org/IFF/versions/20020102/IFFFoundationOntology.htm



notations for ER models. In this paper we use one which emphasisepithgentation
as a network of functional relationships, as in Figure 1. The names in &@xaames
of entities. Thearrows representlationships whickare many on theside without an
arrowhead andne on theside with an arrowhead.The relationshipsare not hamed,
unless names are needed for disambiguation or in discussion.

Customer —— Transacton |————— P Product

il

Activity

Figure 1: An ER model of a business transaction

Semantically, this model expresses at a high level a business transaction from the
point of view of one of the parties.thansactionrequires groductand acustomeyand
someactivity on the part of the organisation to carry it out.

The notation of Figure 1 is that of a directed graph. Category theory (CT) is the theory
of mathematical structures which can be represented by directed graphs. In CT the
entities are calledbjectsand the relationshipggrows The object at the many side is
called thesourceand the object at the one side téwgetof the arrow. To be a category

a collection of objects and arrows must have two additional properties — the arrows
must compose associatively (functional relationships compose associatively), and
associated with each object must be an identity arrow (the identity function is always
possible). So Figure 1 can be viewed as a category (technically, the diagram of a
category). ldentity arrows are typically only represented on a diagram if they are needed
for a discussion. Further, to conserve space on the page the boxes around the objects
are generally omitted.

A fundamental notion in CT is that offanctor, a homomorphism between two
categories. (A homomorphism is a functional relationship which preserves structure.)
A functor takes objects into objects, arrows into arrows, and compositions of arrows
into compositions of arrows. It is conventional in CT to represent functors as in

Figure 2, with the domain of the functor shown above the codomain. Hence the objects
in the domain carried into an object in the codomain are saidabdwethe codomain

object, and similarly for the arrows.



Customer <« —— Transacton ———— Ppp» Product

v A

Activity

business

1 .
business

Figure 2: A functor

The functor P maps the category of Figure 1 into a minimal category consisting of
only one entity (object) (calldousineskwith only one relationship (arrow), the
required identity relationship. (The convention is to name the identity relationship
associated with an entifysubscripted by the name of the entity.) P takes each entity
into businesand each relationship intQ 4.ess

We turn now to the requirements for one ER model to plausibly be a refinement of
another. Recall that the refinement under discussion is a coordinated ontological
refinement of the sorts of institutional facts used in electronic commerce. We want the
more abstract model to be something like a type for the more specific. As with
ontology generally, this gives some of the tools for organising this aspect of the
semantic web.

Since it is not common in ER modeling to discuss two related models, we need some
new terminology. It is convenient to borrow some of the CT terminology. We want to
say that one model R (for refinement) is a refinement of another S (for specification).
Some authors advocate a method of refinement for development of ER models (eg. [3],
[10], [11]), but their methods are weak in the sense that there are no properties
possessed by the more abstract model which must also be possessed by the refinement.
There is no well-defined way in which the detailed model can be said to satisfy a
specification in the more abstract model.

We will speak of the refinement as bemigpve the specification. Figure 2 therefore
represents a refinement.

Requirement 1 - Integrity: Every entity in the refinement is above an entity in the
specification, every relationship in the refinement is above a relationship in the
specification, and every entity and relationship in the specification is refined.

This requirement says that nothing in the specification is lost, and that nothing is added
that is not specified.

Requirement 2 — Composition: Every composition of relationships in the specification
is refined by a composition of refinements of the relationships composed.

The relationshi@’ransaction-> Productin Figure 1 is the composition @fansaction
-> Activity andActivity -> Product Every refinement of the latter two must compose



into a refinement of the former. Otherwise, the functional relationships in the
specification are not preserved in the refinement.

Requirement 3 — Completeness: Every entity refining a specification entity is the target
of a relationship refining a relationship whose target is the specification entity. (There
are alternative requirements canvassed in [4], but this version is adequate.)

Otherwise, there can be many things going on in the refinement which don't satisfy the
requirements of the specification so long as there is one refinement which does. We
want every refinement ¢froductto be associated with a refinemenativity, and

every refinement octivity to be associated with a refinemenfTodnsaction

Requirement 4 — Pattern Preservation: Every entity and relationship in the refinement
is part of a pattern with the same structure as the specification.

We want every refinement dfansactionto be associated with refinements of
Customey Productand Activity.

We argue that these are a close to being a minimal set of requirements to be able to
talk meaningfully of refining a data model. Extended examples in [4] show that the
requirements have force (it is possible to make mistakes), and at least in the examples
presented can lead to a refinement which is a better design.

The refinement method

It is shown in [4] that category theory provides tools that can implement the
requirements 1 — 4 for a model to be a refinement of a specification. We have already
seen that both models can be viewed as categories.

Integrity is implemented by making the refinement a functor surjective on entities and
relationships whose source is the refined model and whose target is the specification
(the refinement is above the specification).

Composition is implemented by requiring that every relationship in the specification is
refined by arelationship, possibly a compositiofgr eachand every entity in the
refinement and which isalledthe cartesianrelationshipwith certainstrong properties
described below.

Completeness is implemented by requiring that every refinement of the target of a
specification relationship be the target of a cartesian relationship. This is encapsulated
in CT by a special type of functor calledilaration. The entities and relationships

above a specification entity are called filbee indexed by the specification entity
(Relationships whose source and target are both above the same specification entity are
refinements of the identity relationship for that specification entity.)

Pattern preservation is implemented by requiring that the fibration have possibly
several right inverses which are functors, and that every refined entity be related to a
refined entity in one of the images of the specification. (All of the technical terms from
CT are defined and illustrated in [2])

Note that functors compose, as do fibrations, so we can perform our refinement in
steps, in the normal software engineering manner.

The refinement method can be presented as a set of five design guidelines:

Guideline 1. Freedom within a fibreThe fibration does not itself place any
restrictions on the refined model fragments within a fibre. This is because the constant



functor (whose codomain is a single entity with its identity relationship, as in Figure

2) is always a fibration. This rule, or lack of rule, shows us that the guidelines being
introduced are not local, so complementing the standard local refinement processes. The
guidelines are in addition to the standard design rules, not simply reformulations of
existing rules. Figure 2 is an example of this guideline. The refinement is entirely
unconstrained.

Guideline 2. Connections between fibres must be unitary
(requirements integrity and compositionA key element in the definition of
a fibration is that there must be what is called a cartesian relationship above every
relationship in the enterprise model for each entity above the target. A cartesian
relationship has the property illustrated in Figure 3. This property is a very strong
constraint, as we will see in the following.

c is cartesian for f and Y

/\"B

Figure 3: Cartesian relationship

g
A
h
f

The bottom diagram in Figure 3 is a fragment of the specification. The top diagram is
a fragment of the refinement, with entity X in the fibre above C, Z above A and Y
above B. The relationship of main interest is c:X -> Y above f:C -> B. The
specification has a relationship g:A -> B which is a composition of f with h:A -> C.
For c to be a cartesian relationship (for f and Y), associated with each v above g, there
must be a unique w above h such that v is the composition of ¢ with w. Note that
there can be many different Ys above B.

This requirement has particular force above a single relationship of the specification, as
every entity has an associated identity arrow, and all the arrows within a fibre map to
the identity relationship associated with the entity the fibre is above. The situation is
shown in Figure 4, where on the left the design satisfies the criterion, while on the
right it does not.

What this means is all relationships originating in one fibre and terminating at a single
entity in another fibre are examples of v in Figure 4. We will call an entity above the
target fibre aranchorfor relationships. We would expect many anchors, since the
specification target is refined.



Cis cartesian
forfand

There is no
c that is cartesian
forfand Y

C/E:'B c/
tO t O

Figure 4: Cartesian relationship (left) and no cartesian relationship (right) for fibres
above an identity

B

The constraint that the connections between fibres must be unitary is
that one relationship must be cartesian for each anchor and all the
others must be dependent on the cartesian relationship for that anchor
in exactly one wayThe source of the primary relationship is called ¢dbatre of

the group of objects for that anchor.

Example T.1We will develop a running example based on further refinement of
Figure 2, the business transaction. We will distinguish specification entities from
refined entities. Both will be nameditalics, but the specification entities will be also
in bold.

Figure 5 shows a refinement of Figure 2, where we have introduced two parts to
transaction namelyorder anddelivery We have refined the relationships
transaction-> customet transaction -> product andtransaction ->

activity. If we want for exampléeliveryto depend oproduct the unitary

connection guideline prevents us from making a direct relationship, instead we take
order as the centre of relationships to the angiioduct anddeliverymust depend on
order. This of course makes semantic sense, as the two paréséctionmust be
related to each other, and threler part of the process occurs before dieéverypart.



delivery

Product

T

Customer

Activity

Customer «§————— Transacton —————Jp» Product

' 1

Activity

Figure 5: First refinement dfansaction

Guideline 3. Every entity above anentity in the enterprise model
which is the target of arelationship must be the target of a
relationship in the implementation model satisfying guideline 2
(requirement completeness)In other wordsevery entity in afibre above the
target of a specfication relationshipust be amanchor forrelationships above the
specification relationship. Thiguideline comes from the definition of a fibration,
which constrains the fibres which are above the targets of arrows, but notoke
are above the sources of arrows.

Example T.2If we now refineactivity as in Figure 6, also into two parfsack
andship. From guideline 2, one part must be the centre of a relationship to the anchor
product and sincepackis prior, it makes semantic sense to choosghipis

dependent opackfor the same reason thasliveryis dependent oorder. Guideline 3
requires that botpackandship be the anchors of relationships abaoedivery ->

activity. The indicated refinement satisfies this constraint, where the dependency
delivery-> packis derived.
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delivery \

‘ Product

order

de||\§y \ Product
Activity T

Figure 6 Refinement adictivity

Customer

Customer

Guideline 4. If there is a derivedrelationship in the specfication,
relationships above it must be derived from the cartesiaalationships

of guideline 2. This guideline isderivedfrom the general definition of acartesian
relationship given in Figure 3. The refinement in Figure 6 satisfiess guideline
vacuously, since all tharrowsshown plus theleriveddelivery-> pack are cartesian

with respect to the refinement shown. If we view the composition of the refinements in
Figures 5and 6 as aefinement of the specification of Figure 2, the refinement also
satisfies this guideline. The relationshiplivery -> product abovetransaction ->
product is notcartesianput is derivedfrom delivery -> pack and pack -> product

which are.

Guideline 5. If there are diverging relationships inthe specification,
then there must berelationships in the refinement above themwhose
centres are aligned(requirement pattern preservation).This guideline is a
consequence of the requirement that everything in the refinemestt bedependent on
objects in an image of the specification.

Example T.3 The refinement of Figure 5 fails this guidelifelivery has

relationships withactivity, custometandproduct(the latter two derived), butrder is

not the source of a relationship whose targattsity. The semantic force of

guideline 5 in this situation is that as it stands, it is possible for an order to get lost, in
the sense that no activity is ever associated with it. Think of a large organisation where
the orders are taken by one department and filled by another. It would probably make
the auditors happier if when an order is taken by marketing there is some
acknowledgement by the shipping department recorded in the database.

The refinement of Figure 6 does not provide much help for this problem. We have
refinedtransactionas a process with two partsder anddeliver, with the parts held
together by the later having a functional relationship with the earlier. We have also

12



refinedactivity as a process with two parfmckandship, held together similarly.

To satisfy guideline 5, we must have a relationship betwedesr and an entity above

activity. Neither of the existing entities will do, since the target of a relationship

must exist prior to, or at least be created simultaneously with, the source. Issuance of a
picking slip (recorded ipack may occur well after the order is taken, and the issuance

of a shipping order (recordedship) after that.

One way to solve this problem is to include an additional part in the process refining
activity, sayacknowledgementwhich is created in the same database transaction as
the order. In practice, this may be simply a view on the order which is routinely
checked by the shipping department. Another way is to make an inventory reservation
in the same database transaction as the order, in the way airlines reserve seats when a
trip is booked. A complete refinement of Figure 2 satisfying all the guidelines is given
in Figure 7.

Customer Product

acknowledge

‘pack /

Customer «@—— Transaction ~—————————p Product

+ ¢

Activity

Figure 7: Refinement of Figure 2 satisfying all guidelines
Relationship with mereological refinement

Mereological refinement is a progressive articulation of a whole by defining its parts
[9]. Its parts may exist all at once, or may be progressively created. The whole may be
thought of as an object or a process. Parts may have parts (the whole-part relationship
is transitive).

Fibrations-based structural refinement does not interfere with the mereological
refinement of the individual specification entities. Simply, if there are relationships
among specification entities, the structural refinement insures that the relationships are
maintained as the specification entities are refined.

There are a number of issues to take into account.

13



e How strong the structural constraints should be — it makes sense to separate
requirements 1-3 from requirement 4. We can call guidelinesviéaR structural
refinementand the addition of guidelinesfrong structural refinement

* What stages in the refinement procese consideredntegrity constraints and
which are simply the sequence of making engineering decisions. In the example of
T.1 - T.3 above, one mighake the firstrefinement of Figure 2 to be integrity
constraints and the others as engineering choiceslamer system,theremight
be several layers dhtegrity constraints, the morefined ofwhich may bdocal
from the point of view of the more general specification.

e At what stage in the population of the mereological schemaseedthe integrity
constraints to be satisfied. In the business transaction example of Figure 7, they
are always satisfied. In the refinement of Figure 6 (which fails to safiséieline
4), they are not. Between the placement of the order anedjest to deliver there
is no relationship between an instance of a refineraetity abovetransaction
and aninstance of a refinemergntity above activity. We will distinguish
continualsatisfaction of the constraint froeventualkatisfaction.

These are business issues, all of which lead to technically satisfiable specifications.

In general, if we have a specification A -> B arfine both A and B byparts, we can
think of the instances populating theereological schemas as participatingchains
of associations following the schema, which must dogclic. Either thewhole
structure is inserted into the database in the sdatabaseéransaction, or it isnserted
in stagesdownthe chains of functionatlependencie¢an instance othe target of a
functional dependency must exist when an associated instance sufuttte comegto
existence). We will call instances of entities wharknot the target of a relationship
bottominstances. Similarly, we will call instances of entities whachnot thesource
of a relationshifiop instances.

The minimum constraintwhere structural refinement makes sense would be the
eventual satisfaction ofveak structural refinement. Herghe bottom instances of
entities refining the target of a specification relationship must have an association with
some instances of entities refining the source of the specification relationship. Eventual
satisfaction of strong structuradfinementrequiresthat the top instances of entities
refining the source of a specificatiomelationship have an associatiavith some
instances of entities refining the target of the specification relationship.

Relationship with e-commerce

We begarthis story with a discussion of the sorts of messagesl toimplement
institutional facts found in electronic commerce, with their complex contextsnviWe
finish the story by seeing how our machinery applies to these kinds of data objects.

Institutional facts are records obpeechacts. Speech acts, at least the sort we are
considering, involve inter-organisational or at least inter-agent communication. An
organisation or an agent does not necessarily want to expose all of its igtarciaire

to its potential communication partners. For this reason, it is usual to conséwst
which hide the structuraletailsnot necessary for externghartners. Following [5], a
view on a system E has sthema Kand a homomorphism mapping K into the
classifying category for E, which they call Q(E). The classifyéategorycontains all

the queries on EFor our purposes, a view looks like an information system. It is

14



important that it can beonstructedusing the tools otategorytheory, but thedetails
are not relevant here.

Figure 8 shows views for two parties who may participate ie-eommerce exchange
such as we have discussed. Note that #ieyethe specification fotransaction and
product They differ in that theourchasehas a specification fasupplier while the
supplier has a specification farustomer The purchaser is of coursenly one
possible customer for the supplier, and the supplier only one possible supplier for the
customer. The refinement pfoductmay be different for the two organisations, as it

is verylikely that a customer buys only a smfkction of any particular supplier's
range, but buys from several suppliers.

Supplier Customer
Product g————— Transaction Transaction ~—————Jp Product
Purchaser Supplier

Figure 8 Purchaser’s and supplier’s views of each other.

The critical factor for the ability to interoperate isthat the two organisationsave
visible in their viewscoordinatedrefinements for thelata recordassociatedvith the
transaction process, as we see in Figure 9. Waveusedthe sequencdRFQ, Quote
Purchase Order, Delivery Advice Delivery Acknowledgementinvoice Payment
discussed in the introduction. The process begins from the customer,R&Ehbas a
link both to supplieron the customer’sideand to customeron the supplier'sside.
RFQ also has a link tgroducton both sidesThese functional relationships are
necessary to establish the communication.

Both sides keep copies of all messages. This is conpramtice tosupport follow-up
and to resolve misunderstandings. In additi@ach sidemay establish relationships
from their copy of a message to other structures outside the ewever, the
minimum requirement isthat eachmessage has a relationship with tlaest. The
linkages between the two organisations are always able to be derived.

Note that the specification in Figure 9 shows relationshgis/eenthe organisations,
using dashedlines. These relationshipsare necessary to conduthe business
transaction. They are distinguished from the within-organisation relationships only for
expository purposes. The refinement in the figure isystem which continually
satisfies strong structural refinement. Note also that the relatiohshieenRFQ and
alsoPaymentin the customer and supplier is bi-directiongis is formallynecessary

to satisfy requirement 3 (completeness), and semantically necesseeyrtt{for RFQ)

the confirmation of the initiation of a communicatisequenceand (for Paymeny the
closure of the transaction for both parties.

15



Supplier‘\ / Customer
Product 4+ RFQ <_> RFQ ———P» Product

Quote —P Quote
Purch Ord ———— Puih Ord
Del Adv —® Del Adv

A
Del Ack 4— DeIAACk
Invoice —» Invoice
A
Payment 4> Payment

SUppIier‘t\ — _ - — W Customer
T == /'

Produd‘s— Transaction <@ Transaction —;’ Product
— — -
— —

Purchaser Supplier

Figure 9: Coordinated refinementtonsactionsupporting an e-commerce
application

Of course the refinement in Figure 9 is quite likely still detailedenough to support
specific interactions. The EDdtandardshave largeand complex data structures, and
exchanges supporting a particular class of business generally use only a small subset of
the possibledataitems. Furtherefinement is therefore necessamhich is supported

by our method.

Completing the linkback tothe semantic web, agemsednot only tointeractwith

each other, but also tind eachother. Becausdnteractionsare not only complex but
also havedeepsemantic content, agents do menerally seeleachother on theopen
web using for examplesearchengines. It is much more common to wseommerce
exchangessupportingparticular industries otypes of interactions. Are-commerce
exchange can support much more complex data structures than a search engine.

Even using anexchange, thenegotiationsnecessary toset up a transaction are
complex. For example, therocesses necessary for electronic tendexirganalysed in

[6]. The progressive refinements we have described in this paper can be usetlas an

to structure this complex data to support the protocol negotiations, in a way similar to
that described in [7].

In conclusion, wehavepresented anethod ofcoordinatedrefinement of complexata
structures supportingstitutional facts andthe speechacts whichcreatethem, which
interacts well with the more conventional looca¢reologicaland subtyperefinement
methods. Thecombined methods makentologies a much morgowerful tool for
organising the semantic web.
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