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Abstract. In a global environment more and more influenced by the use of
Internet technology in distributed settings, issues of inteabiigy have
become crucial for business and governments, and in faall fodividuals and
organizations employing it and increasingly dependent on itakiédéyze three
inter-related but distinct levels of interoperability, gytactic, semantic and
pragmatic, and discuss some of the interoperability isslated especially to
the semantic and pragmatic levels. We briefly look atrétetionship between
philosophical Ontology and ontology as the term is used isuggesting that
especially the scientific metaphysics (Ontology) of ClsaReirce might be of
value in helping KR workers generally and ontologists ifi@dar to uncover
possibly hidden ontological commitments. We then considan Jdowa’'s
Unified Framework (UF) approach to semantic interopétabiwhich
recommends the adoption of the draft ISO standard for @omimgic, and
touch upon how CGs could be effectively employed within this éraonk. The
promise of Service Oriented Architectures (SOA) in aberstion of real world
applications is remarked, and it is suggested how in a gased and
continuously changing environment, loose coupling may be becoming
necessity—not merely an option. We conclude that, whileutuee of network
interoperability is far from certain, our communitiedestst can begin to act in
concert within our particular fields of interest to cooeagreement on those
“best in class” theories, methods, and practices whichddoetome catalysts
for bringing about the cultural change whereas interoperabilfgnness, and
sharing are seen as global desiderata.

Introduction

As Web-based computing increasingly influences the coroation of individuals,
teams, and organizations, the complexity of the problemacgiess to relevant
information seems itself to be expanding exponentially. Iis thost-modern
environment of diverse and dynamic distributed infororatsources a variety of
interoperability issues was certain to follow just frtme extraordinary complexity of
the almost “too rich” multicultural, cross-disciplinaand indeed global environment
we seem to be evolving

Anyone following the development of the WWW since tlient of the new
millennium as it relates to business, government, educatad other cultural
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enterprises has surely observed not only that interbjtieredhas become a growing
concern for experts in those fields specifically relaiedts development, but also
that, in several of its expressions (and of coursedp&gability means many things to
many people), the ‘interoperability question’ has implmagi very generally: for
business, of course, but also for many political, esoooand other power relations.
For example, the case of the European Union Commig&i@) versusMicrosoft
illustrates rather strikingly the high-stakes economiamifieations of certain
interoperability issues. The core argument of the ECHeen that Microsoft has
abused its power by restricting interoperability with M8- products and thereby
achieving corporate dominance for essential IT netwerkes operating systems.
Indeed the EC’'s tentative solution to the problem hasn b&srmed the
“interoperability remedy” [33]. It would appear, howeverattithe actual application
of the “remedy” is still very much a work in progress [Zhis seems not at all
surprising since the emerging goals of openness, acardssharing on the one
hand—epitomized by the philosophy of the open source move@ght-continues
be opposed by very different and even opposite tendencieh waiorize the closed
and the proprietary.

Nevertheless, not only in business, but also in the redtwf governments,
universities, museums, the media, and indeed nearly all &ntgeprises employing
information technology, there would appear to be “a grgwatognition of the need
for common ‘architectures’ within which truly useful aggliions and services can be
constructed” [17]. Yet how are we to go about realiZimg goal of interoperability
within a wide range of contexts and across myriad sesvigven the complexity of
the situation?

One important albeit preliminary consideration involweg very definition of
‘interoperability’. Indeed there is a broad spectrundefinitions coming from quite
diverse perspectives and from quite different needs amubges so that one finds
both technical and technical-semantic as well as morel soagpragmatic definitions
and discussions of what ‘interoperable’ means. It isacdy legitimate to define
interoperability solely in terms of the technical ddesations involved—tags, file
formats, protocols, and so forth—when referring to ttechnical systems
providing/accepting services. But it is also possibleiandkasingly useful to define
interoperability more generally in terms of the toalsl agents working to optimize
the means available for especially social networkactmmplish common (or closely
related) tasks and working towards shared goals. And intfape are an increasing
number of discussions of interoperability that can bensas emphasizing those
aspects of the process utilizing the technology and s@wdatpurposeful ends. The
result is that, as clearly essential as technical-sienamteraction certainly is,
semantic-social interaction/interoperability is comilogbe seen as an equally vital
element in the continuing growth of networks as it bee® clear that it is precisely
the goals and purposes of users which provide the cootetkte semantics. The
problem is not so much with the formal representatiohsmeaning (mainly
ontologies), but how these meanings ought—or at least coulguttie use.

There remains, however, no consensus yet as to exatily the optimal
relationship between the technical, the semantic, aadsdicial and organizational
ought to be, how this balance could be achieved, and hdwital and semantic
concerns themselves might be balanced with individumipcrate, national, and
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international interests. It is likely that the meansh optimal balance has not been
fully achieved inany field including those directly involved in the development
tools and others resources bearing upon the developnienetaorks serving
enterprises employing these tools and services. Butpdw, and to assist us in a
preliminary analysis, let's consider somewhat ab#irathe general goal of
‘interoperability’. Speaking from the standpoint of infation management, Paul
Miller has written that “to be interoperable, one shcadtively be engaged in the
ongoing process of ensuring that the systems, procedumds culture of an
organization are managed in such a way as to maximize apjties$ for exchange
and re-use of information, whether internally or extdyh§l 8].

From this vantage point the interoperability terraim ¢8 seen to be vast, as
indeed it is, involving almost all network technology aitd possible use.
Consequently in this short essay it will be possiblgotech upon only the most
general features as we try in particular to contextaathe semantic realm, this
contextualization representing the very essence of dggrtic layer. In section 2 we
distinguish three kinds of interoperability, the syntadiemantic, and pragmatic. In
section 3 we consider the philosophical notion of ‘tagiwal commitment’
especially as it relates to the semantic level. Itigeel we briefly consider John
Sowa’s proposal—based on perhaps two decades of sound soémgireering
principles—to enhance semantic interoperability through diddnFramework (UF).
In section 5 we examine the promising notion of interapidity as it appears in
Service Oriented Architecture (SOA) and especially t® principle of ‘loose
coupling.” In section 6 we glance for a moment at thessijbbe future of
interoperability.

2. Interoperable Three Ways

A concise definition of ‘interoperability’ will be helpf at this point. The IEEE
defines interoperability as “the ability of two or reosystems or components to
exchange information and to use the information thatbeen exchanged” [14]. At
the very least this definition will allow us rapid entinto the technical level of
interoperability, while it already hints at the meaniagd purposeful use of the
information-sharing operations and services that atedpon the technology.

If the efficient exchange of accurate and relevantrméion for specific creative
and collaborative purposes is taken as the goal ofeh@tic Web, then perhaps its
best hope of success lies in encouraging “the emergenmawhunities of interest
and practice that develop their own consensus knowld@8¢"Network architecture
can no sooner be seen to end at the semantic lewel Rbaice’s philosophical
pragmatism can be imagined to culminate in his Criticgid,0or in his Existential
Graphs (EGs) which John Sowa has transmuted into Concéptagaihs (CGs) for an
information age. Knowledge representation is a mearentend and not the end
itself. The ‘end itself’, at least for such thinkersReirce and Engelbart, would be
something like the evolution of consciousness it<ef p.289, 6.490, 7.515].

At ICCS01 at Stanford in far-ranging informal discussiohisio de Moor and |
began to imagine that we had conceived the idea of anRteg\Web (move over Al



4  Gary Richmond

Gore!) Well, perhaps we had if only in the sense thah éswe weren’t exactly the
first to use the phrase “Pragmatic Web"—we later nthedl it seemed to be “in the
air” at the time—we seem to be the first to asseciatvith Peircean pragmatism, as
we would make explicit in a paper we co-authored with MaryldéteéTowards a
Pragmatic Web” [6]. Since then de Moor has been in thguerd of those seeking to
legitimize the idea of a Pragmatic Web and realize fact. Recently he and his co-
chairs announced the First International Pragmatic Weife@mce to be held this
September in Stuttgart, Germany [28]. Less than a yearebfis he had presented at
ICCS06 his “Patterns for the Pragmatic Web” [5] upon which immediately
following analysis is based. He conceptually divides therlivVWide Web into a
trichotomy of Webs (following Peirce’s semeiotic tratbmy).

The Syntactic Web consists of interrelated syntaictiormation resources,
such as documents and web pages linked by HTML referencese Thasources
describe many different domains.

The Semantic Web consists of a collection of semamisources about the
Syntactic Web, mainly in the form of ontologies. Tmologies contain semantic
networks of concepts, relations, and rules that definertbaning of particular
information resources.

The Pragmatic Web consists of a set of pragmatidests of semantic
resources. A pragmatic context consists of a commortexprand a set of
individual contexts. A common context is defined by tbenmon concepts and
conceptual definitions of interest to a community, themmunicative interactions

1 Peirce’s TRICHOTOMICcategory theoryis discussed in [26] and applied to several
analyses here. The author’s diagrammatic transmutatitiiisoiipplied science is outlined in
a PowerPoint presentation [27]. A trikon, symbolized |> amkihg something like an
equilateral “forward” button, gives the categorial struetaf agenuine triadic relationship
of categorial “firstness” “secondness” and “thirdness® (12'%, and 39 placed around the

triangle thus:
1 [can be = possible]
|> 3 [would necessarily be if X = necessary]

2"Yactuallyis = actual]

Peirce associated each of the three branches of his soidogic as semeiotiavith one of
the 3 categories:"iwith theoretical grammar (syntax);°2with critical logic (semantics),
and 3° with methodology, theory of inquiry, and the pragmatic maxpragmatism):

structure (syntactic)
|> purpose (pragmatic)
meaning.(semantic)

A synthetic extension of this analytic part of trikonicahses what | calltrikonic vector
analysis(or, reflection on the 6 possible paths of movemenutirdhe three categories and
their possible patterns of inter-relating), a topic of @ZS06 paper. |>*k vector analysis-
synthesis has recently been applied to a software intetufiigr case [32]. However, a vast
amount of work lies ahead in applying Peirce’s categbepry (not to be confused with
mathematical category theory, btw) and especially théovemart of this to knowledge
representation and knowledge management (not to mention $sisipglications!)
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in which these concepts are defined and used, and a sstmwhon context
parameters (relevant properties of concepts, joint goalemunicative situation,
and so on). Each community member also has an individnééxt, consisting of
individual concepts, definitions of interest, and individtmhtext parameters. [5]

Synfactic Web
[> Pragmatic Web
2 Semantic Web

Fig. 1.

There are undoubtedly any number of other ways of caimgeithe general
structure of the Weép but a trichotomic division will be employed here astbe
representing the deep structural inter-relations ofvilre®us levels of networks. The
sense that there are indeed several distinct whilepenetrating facets of web
development leads us to a consideration of that to whiehwill refer here as
syntactic, semantic, and pragmatic information aechiires.

Syntactic architectureAt this level we are concerned with technical consitiens
such that individual systems are the principal focuss Téwel details specifications
for components of the system as a whole as welleasiatds and protocols to be used
for communication between components. It is notnstcally concerned with the
meaning or purpose of the system, nor of its users ardnbesiactions. In relation to
the next level, the semantic, it is concerned with &gsdentifiers for any and all
purposes (anything can be identified with a URI).

Semantic architectureHere considerations of meaning and function dominate. It
becomes a question of the functions that the systefesigned to fulfill that a user or
group of users may want to utilize. This level concerhatvthe tags refer to and how
this metadata can be meaningfully related, for examplef whtologies are needed
for specific uses. Semantic architecture includes at tbe following: “mark up” of
documents with information-extending HTML tags, common et organization
schemata (principally ontologies), automated agerdsvialg these schemata to be
put to use, and web services to supply users with thefisgafdrmation which they

2 Miller, for example, identifies six not altogethestilict architectures: Technical, Semantic,
Political/Human, Inter-community, Legal and Internatiomaeioperability. In our analysis,
the Pragmatic architecture incorporates the last fothreste.
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seek. The common denominator here is, of course, lieatmeaning of the data
(metadata) is emphasized

Achieving semantic interoperability is proving to bmast difficult challenge for a
number of reasons. One of these is illustrated bylies High Level Thesaurus
Project (HILT) [13] which reveals “a wide range of ekigt incomplete,
terminologies, category lists, classification scheraed thesauri” which are being
used and which users are loathe to give up whatevetintiations of a given
schema. This would suggest that even in terms of the dyrestigting classification
schemas and ontologies, while the long-range possibflideveloping efficient and
effective ways to cross-search this wide range of ressuregainly needs to be
considered, short-range solutions will also and espedilywalued in what may
eventually come to be seen as a transition period.

Many other vexing problems exist as well. For examiple,question of the clear
need for a high-level ontology which can point to theegahkind of information that
is sought in a specific inquiry (distinguishing, for examgémple” in horticulture,
computing, folklore, cooking, etc.) has been partly aiefl with the putative need
for an upper ontology—highest level—in the architectuee Section 4 below). One
can observe that this last matter has hardly been rdso¥et, these issues are
crucially important because the Semantic Web is alsguehy concerned with
“standards for knowledge representation” as Eugene Kimdmsented [16].

There is also the question of ontology managementttaadools used to map,
merge, align, and integrate ontologies. It has been seglgbgt[10] that, since no
management tool handles all these tasks, there isé¢kd for a suite of tools
assembled as a workbench to determine such terminologeabnomic, and
conceptual mismatches as occur, as well as to ineetpals and methods affording
users enhanced interoperability in actual and concevagjects. However, the full
resolution of this problem will probably require consal#y more research which,
fortunately, is underway. Guy Mineau has shown [19] howblems of semantic
interoperability could be automatically detected using 2&ed software agents. In
the same paper he demonstrates how information exchaatyeeeb communication
systems could be controlled semantically by implemerggrgantic filters. This idea
is picked up and developed by Dan Corbett [3] toward theafjagaaking knowledge
bases semantically interoperable through the use diitalfogy developed by the user
involving a formal definition of ontology which is spiified by omitting the
class/object boundary (employing CG theory which fully sugpfirst-order logic).
On the basis of CG theory Corbett demonstrates aauidtin automated comparisons
of ontologies “represented as concept type hierarchies.”

Note that this hierarchy is not necessarily a taxonomthat a type may have
multiple supertypes. Further note that there is no peirthe hierarchy where we
must make a distinction between a type and an inst&wesy concept on the
hierarchy is treated as a type. A type may have subbpesupertypes, but there
is no need to distinguish these from instances of ¥pe.t[Corbett then
distinguishes this from the OO objective of objects inhegiproperties of a class
and gives as counter-example “treating a kitchen as you wadgeneric
room.”]
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The ontology (as a concept type hierarchy) acts asfrimaework, with
conceptual graphs that conform to the hierarchy usedstaritiate concepts in
the domain. The ontology is populated by creating concepftegohs which
represent actions, ideas, situations of states imah®ain. Recall, though, that a
conceptual graph need not be a complete description, dnalways be treated
in the same manner as any other type [3].

But at this point it becomes important to consider thatasgic interoperability
also and especially involves sensitivity to the pcas of users of information.
Semantic interoperability necessarily involves theamiegs that are embedded in
information and the interpretation of these meanings,iriterpreters usually being
human users and not machines. This is the case bdie aeginning and the end of
the process—for example, the creation of ontologied #reir utilization by
individuals and organizations. So, in a word, semanterdperability can be seen as
essentially involving arnnterpretive practice This brings us to our third and final
architectural consideration.

Pragmatic architectureThis has been called by Miller a “landscape architettu
serving “to bound the realm of possibilities, to defimeat is ‘in’ and what is ‘out,
and to (ideally unambiguously) describe the relationshipsda® users, resources,
and technical systems”[17]. Its purpose in relation to #measitic sphere is to assist
human collaboration by modeling and evolving optimal appbos of the other two
architectures as this involves ontology negotiation amraction so that, for
example, Harry Delugach [4] has set forth a vision ofgbssible development of
practical active knowledge systems using semanticpanational systems within real
contexts intending to solve complex practical problentee doncerns here naturally
go far beyond compatible software, hardware, and ontal@yid associated tools, all
of which are necessary but not sufficient for such $osies as collaboration. Further,
the pragmatic level ought to include what de Moor has wrfgeal alignment”
which, however, cannot be considered anything less tHarmadable challenge. In
this connection | argue in this year’s conference papsr such extremely difficult
socio-intellectual challenges might be approached througkflection on Peirce’s
idea of critical common sens¢CCS) and facilitated by certain forms of diagram
observation developed for the purposes of goal alignment ctimel forms of
consensus formation (for example, our trikonic vectotyaigas applied to software
engineering architecture) [32]. CCS would seem to reptethesine qua nonof
high-level consensus formation, and the ne&edhink critically togetherin such
matters has perhaps never been so pressing.

In another sense, the Pragmatic Web viewed as theagohlperhapselos of
information architecture relates all three as it “seoffee systems, data models,
content, machine—machine (m2m) and machine-user ini@mact and the
environment within which interactions and transactioosur” [17]. Another way of
saying this is that the Pragmatic Webolvesthe other two Webs, while it does not
and cannot sublate them. The syntactic and semantiitesttares are nchufgehoben
in the Hegelian sense, but the relation of the threebeaanalyzed involutionally in
Peirce’s sense: That is, the Pragmatic \Wefblvesthe Semantic Web which in turn
involvesthe Syntactic Web. But at the end of the day, atlaie in tact, and as equal
partners.
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3. Ontological Commitment in the Semantic Realm

Nicola Guarino asks us to “consider the distinction betw“Ontology” (with the
capital “O”). .. and “ontology” (with the lowercas&’).” He writes:

In the philosophical sense, we may refer to an ontoisgg particular system
of categories accounting for a certain vision of the dvofls such, this system
does not depend on a particular language: Aristotle’slagytos always the
same, independently of the language used to describe iheGsther hand, in its
most prevalent use in Al, an ontology refers to anr@w®ging artifact, constituted
by a specific vocabulary used to describe a certain replilg a set of explicit
assumptions regarding the intended meaning of the vocghwtads. This set of
assumptions has usually the form of a first-order lodleadry, where vocabulary
words appear as unary or binary predicate names, regbeatadled concepts
and relations. In the simplest case, an ontology descailteéerarchy of concepts
related by subsumption relationships; in more sophisticatesse suitable
axioms are added in order to express other relationshipedietconcepts and to
constrain their intended interpretation [9].

From the standpoint of Al this seems accurate enough.s&uie philosophers
might object to the somewhat limited characterizatibphilosophical Ontology. For
example, Peirce sees metaphysics, or general ontokgya critical scientific
discipline falling exactly between logic as semeiotic (which hasdts final branch
methods of scientific inquiry involving the pragmatic xima®) and the special
sciences such as physics on the one hand and economitke other. Peirce
maintains that since there’s no way really to avattiing metaphysical views (so no
way to avoid ontological commitments) that it is impotttbat especially the scientist
thoroughly criticize them.

Find a scientific man who proposes to get along withoutraataphysics --
not by any means every man who holds the ordinary meag® of
metaphysicians in scorn -- and you have found one wituggrines are
thoroughly vitiated by the crude and uncriticized metajsywith which they
are packed. We must philosophize, said the great natubaissotle-- if only to
avoid philosophizing. Every man of us has a metaphyaid,has to have one;
and it will influence his life greatly. Far bettergeth that that metaphysics should
be criticized and not be allowed to run loose [CP 1.129].

So, someone states that he may dispense with metaplagsice is a “practical”
man. He apparently does not see that he is ontologi@dmmitted to his
“practicalism” and a thousand and one presuppositiorrsdaen behind that unstated
commitment. Had he critically reflected on hugactical world viewin a scientific

3 Consider what effects that might conceivably have pmictiearings you conceive the
objects of your conception to have. Then, your conception skteéfects is the whole of
your conception of the object.(CP 5.438)
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spirit he might have eventually even come to a positiab unlike authentic
philosophical pragmatism (be it Peircean, Habermasipalian, etc.)

So what are the kinds of questions that might be termethjhysical’ taking the
term in this critical sense? Perhaps there’s no wapimmarize Peirce’s thinking on
this, but it seems significant that he prefaces #liwft list” of pressing metaphysical
guestions with a comment suggesting that a scientific priggmanight actually help
settle them.

There are certain questions commonly reckoned as nystaph and which
certainly are so, if by metaphysics we mean ontologichv as soon as
pragmatism is once sincerely accepted, cannot logioadligt settlement. These
are for example, What is reality? Are necessity aomticgency real modes of
being? Are the laws of nature real? Can they be asbtonige immutable or are
they presumably results of evolution? |s there anydieahce, or departure from
real law? CP 5.496

Scientists who have studied Peirce’'s metaphysicexXample, Nobel Prize winner
llya Prigogine, have found him inspiring in the sense oberaging them towards
making promising abductions such as Prigogine’s of ‘dissipastructures’ in
thermodynamic systems far from equilibrium [23]. Prigogihas written that
“Peirce’s metaphysics . . . appears to be a pionestemtowards the understanding
of the pluralism involved in physical laws” [24] anddeed, it is even possible to see
the universe to be of the nature of a complex argun@t9.119] involving not only
deduction, but induction and abduction as well. Be that asy, but returning now
to Guarino’s analysis, we see that, while it may prog@dgpod summary of ontology
as “engineering artifact,” he goes on to make a ratt#cal terminological proposal.

The two readings of ontology described above are inddatkde[to] each
other, but in order to solve the terminological impaseeneed to choose one of
them, inventing a new name for the other: we shalpaittee Al reading, using
the word conceptualization to refer to the philosopghiceading. So two
ontologies can be different in the vocabulary used (usingidbngir Italian
words, for instance) while sharing the same concepatain.” [9]

This proposal to terminologically limit ‘ontology’ titss use in Al while renaming
what has hitherto been designated ‘Ontology’ in phpbgoas ‘conceptualization’
seems unlikely to be acceptable to philosophers naiticat thinkers generally, and
for the simple reason that the meaning of being would sedan exceed the meaning
of Al. In addition, ‘conceptualization’ seems too genenadl aernacular a word
whereas a reconstituted and truly scientific metaphy®quires an exact and precise
terminology. Finally, and perhaps most importantlysinot necessary to see these
two uses of the term as essentially problematic opirilict and, indeed, the reverse
ought be the case—they ought to be seen as mutualfynimiy each other.

Peter @hrstrgm, Jan Andersen, and Henrik Scharfe havexamined the idea of
ontology as it appears in philosophy and computer sciartthat Has Happened to
Ontology” [20] emphasizing that the metaphysical notioh “ontological
commitment” to true statements about reality ought twl fits proper place in
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computer science. They suggest that such a move might lpgowave mutually
instructive and beneficial for both philosophical metagits/and computer science.

The introduction of conceptual ontology into computer- aomhraunication
science is an example of how knowledge from humanitiesbeaimported and
utilized in modern information technology. This emphasibe importance of an
ongoing dialogue between computer science and the huesar8ttme of the new
findings in computer science may in fact be generated dyufe of research
imported from the humanities [20].

The distinction betwee®ntology as a philosophical discipline armhtology as
information practice is certainly important as it @gconflating the problem of the
communication of knowledge with the different, althoughdoubt related problem of
existence as such, Reality in the Peircean sense ofvthiet is what it is whatever
anyone or any group at any given time may think it toobelescribe or classify it as
being [CP 5.408]. It is, after all, what we think we knofvsome facet of some
Realitythat we wish to communicate. For even given Perpenciple of ‘fallibility’
(that we cannot be absolutely certain that what webelis true might not be proven
false in further inquiry at a later date), it would appbat some positions are “truer”
(i.e., less false) than others.

It would therefore seem highly desirable for computéendists to consider the
implications of philosophical Ontology in relation the process of building
ontologies. And especially as there may indeed be soiddern ontological
commitments that those creating ontologies would be tei®eing to the surface and
reflect upon, the study of philosophical Ontolagya scientific spiritmay help make
explicit what has been implicit regarding individual and samal ontological
commitments.

A serious discussion of the relationship between pbploal Ontology and
ontology creation has at best only begun. In this connecReirce’'s decidedly
scientific metaphysics in consideration of an evolutipriReality leading directly to
the growth of consciousness and ultimately to thevodaéion of man and machine as
Doug Engelbart has imagined it [7] may prove instructivseems to me that it is
possible that the metaphysics of Peirce points pigcteethe kind of ontological
conditions (leading to commitments) ontologists ought teefiecting upon.

The authors of “What Has Happened to Ontology” conclidg &n ontology
“ought to be based on a coherent and consistent thdoch deals with Reality in a
satisfactory manner. It is an obvious obligation on theeldper of an ontology to
discuss and defend his choice of theory and the ontologpoamitments to which it
gives rise” {20]. Because there is one Reality--onevelrsie--however we may slice it
up for the purposes of ontology building (while assuming amitefinumber of
possible theories), there is no need nor compelliagare to have one meaning for
ontologists and a different one for other purposes. Bertlistinguishing the two uses
of the term by upper case ‘O’ and lower case ‘0’ will éndo suffice for now and
perhaps for some time to cofne

4 To help bridge the gap between “O” and “0” | would suggest ‘ontological commitment’
might use the lowercase “0”.
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This is not to suggest, however, that there aren’t soeng significant related
distinctions which we could and probably should be n@kifor example that
between the tacit knowledge of human communities as ogpptwsehe explicit
knowledge which represents this tacit knowledge formaltlyis|perhaps of the
essence of the pragmatic level that it attempts tonremz tacit and explicit
knowledge, striving to combine the (formal) reasongogver of machines with the
(informal) interpretive power of humans and human comnitias.

4. Semantic Interoperability and Its Discontents

Semantic interoperability involves the meanings embeddedelé@ctronically
exchanged information as well as the interpretation hafsé meanings. These
interpretations are characteristically made by usens,by the electronic devices
themselves, while the approach to the meaning-embedidiagtself proved to be a
thorny issue. The Semantic Web as conceived by TimmeBerLee and the W3C
group [1] mixes some quite excellent features (such as URlgotle, and XML)
with some rather disappointing ones (for example, RDF has bkrown [8] to be
inadequate for logic, as an analysis of OWL—itself nolyfalipporting first-order
logic [3]—in relation to RDF makes clear enough). Itnsedikely, however, that we
may have to live with this situation involving RDF famse time to come unless both
we and our machines begin to negotiate rather than to legislate such crdeigsions
[30].

Yet this suboptimal condition is not in its naturdage determining the further
development of the Semantic Web (which after all iemesally only theidea of the
same). John Sowa has recommended the adoption of thelSi@afstandard for
Common Logic [15] to serve as foundation for a more flexithus reinvigorated,
Semantic Web. There are already mappings of RDF and @% Common Logic
which also includes XCL, an XML notation, all of whiaekids to the feasibility of the
proposal. Indeed, Sowa articulates what seems a reasoaatl quite practical
approach to semantic interoperability on the Web, whatchlls the Unified
Framework (UF).

The point is the UF is primarily intended as a framéwfor communication
among potentially (or actually) incompatible systemse Tajor inconsistencies
arise at the level of axioms, which none of theséesys would accept from one
another. But they can usually accept lower-level fagithout creating any
conflict.

Therefore, UF should be very rich in types, but vesryvwpoor in axioms.
Still, any serious inferencing (which may be logicéd, statistical,
computational, or whatever) will require much more., ¥eery system that adds
more does so in ways that are incompatible with sohmer alystem.

Any axiom that causes a conflict with any major systhall be deleted from
UF, but there may also be a large number of microibeofas in Cyc) or
modules. . .which could be very rich in axioms expresseeériynch versions of

5 | am indebted to Aldo de Moor for this insight.
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logic. . . Any axiom that is deleted from UF will not gway, but it will be
available in modules or microtheories that could be @wsedeeded by various
systems. In effect, the topmost levels of most ogiek are the most
controversial. Therefore, UF should have a highly imgeked top level. . .with
all the complexity moved to modules or microtheories.

[31].

While this proposal seems not only sound but even itfe possibilities, Sowa has
not yet been able to convince the ontology commuait large of the efficacy of
embracing this general ontology (or Unified Framewothattis yet capable of
specialization. In one sense it is hardly surprising tfuait,example, the Standard
Upper Ontology (SUO) group has so far not fully embrattesl approach as it is
precisely the upper levels of ontologies which have beatraversial and Sowa is
proposing that there be wery “underspecified” upper level. He argues that
considerable progress could be made in the field geatpectives sought to come to
agreement on a precise definition of the “minimal assiomgt at the top. This would
result in something “like a precisely defined and correctemdiNet extended with
many additional vocabularies” which “would be 100% coredicthe timefor what it
says, but it would not make any commitment on any ceatsial issue.” One
observes that WordNet has been combined with many orgslogiost notably Cyc
and SUMO, so that this “defined and corrected” versiont @ potentially very
powerful as a place where all controlled vocabulariegghimneet [31].

Further, through a principle ofeutrality, “all existing ontologies would be on an
equal footing, and nobody who has an application thatarsg®f them would have
to make any major adjustments” [31].We agree that such aedrfframework, in
providing only “placeholders” for the vocabulary, couldilitate an optimizing of
semantic interoperability and thus help bring about axotigh-going strategy for
defining and using ontologies. Summarizing this approactaSaites:

Basic principle: it should be possible to import any stle UF into any of
the major systems such as Cyc, SUMO, Dolce, etchowit any fear of
inconsistencies caused by conflicting axioms. It maynbeessary to do some
alignment of terminology, but after that has been déme,axioms should not
conflict [31].

The “alignment of terminology” however, may not béviaged as easily as that
phrase was written. Further, the knowledge representattmmunity will have to
become fully convinced of the reasonableness andaeffiof a UF if it is to be
implemented. Meanwhile, one awaits stronger argumenissigia which so far seem
to be centered on the “popularity” of RDF (and given RDfeficiencies this seems
hardly a good enough reason to endorse it in perpetuity).
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5. Interoperability and SOA: Loose Coupling asa Way of Life

Einstein’s remark that “Things should be made as simpf®ssible, but no simpler”
has been suitably paraphrased for software systemsteamtané by Hao He as
“Artificial dependencies should be reduced to the minimbat, real dependencies
should not be altered” [11]. This paraphrase could sereesascinct summary of the
design principle ofloose couplingwherein an attempt is made to minimize
unnecessary constraints while recognizing that there iadeed some real
dependencies that cannot be circumvented and that indeedonsedespected. The
goal of achieving loose coupling would seem to constioteething of aummum
bonumof computational interoperability in relation to theeds of users.

Interacting agents in loosely coupled relations already ekisburse in all sorts of
readily recognizable forms. Hao He gives as famiisample a CD which can be
played on any number of machines (however varying alitguof sound, portability,
etc., that is in the service provided) thus followingemtral principle of Service
Oriented Architecture (SOA). The alternative Objecte®tied (OO) architecture
would in the present example require that each CD hawwitsplayer. There are
organizations whose communication is hindered by intracsystems based on such
inflexible architectures. In this connection, Simon Pulavhas discussed the
limitations of object-orientation and suggests how argdnizational semiotics”
employing CGs could be employed to help overcome the “cpget divide” [22].

From our perspective loose coupling would appear to bentbe# promising and
potentially powerful approach to achieving interoperabiitythe Web at this level,
but SOA now fully realized in turns of flexibility amgtoviding an increased potential
for real organizational learning to occur. At the seiogoragmatic juncture it may
even have the potential for contributing to our creativetitinking ways to reshape
organizational design and behavior away from the tightupted and
characteristically top-down approaches still dominant ianynsettings, towards
flexibility and increased learning in the interest ofaltley organizational
development.

Yet what does this mean in terms of the architectueesled? First, SOA requires
such design constraints as platform independence (=-mlatésrm structuring),
extremely well-defined interfaces and “Coarse-grainedf-desicribing and self-
contained messages” [21]. The essential design requiremed@A are:

» simple/ubiquitous interfaces

« common semantics encoded at the interfaces

* interfaces available for all service providers/clgent

« descriptive—mainly not prescriptive—messages delivered thrtheginterfaces

* interfaces constrained by an extensible schema rignithe vocabulary and
structure of the messages

* messages restricted in format, structure, and vocabuylgly cognizant that
increasing restriction decreases extensibility andweécsa)

» since extensibility is yet crucial, establishing a beat of restriction and

extensibility [21]
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If information and business managers increasingly canappreciate its potential
value, SOA could become a catalyst for changing mord-Wwaed and inflexible
approaches. Perhaps it will even prove to be someitfiregnecessity in a rapidly
changing world where flexibility and growth would no longgpear to be merely
options.

6. Conclusion: Catalyzing Architectural Change

Enabling the full interoperability of knowledge managemeuwtst in distributed
information systems will no doubt require changing a numberssfimptions about
what this would entail. In truth, the kind of interoperipibeing argued for here
would require something of a radical change in attitudeardsvinformation. This re-
visioning, however, holds the promise of transformirgvtorganizations work and
how people productively collaborate.

Organizational resource managers will need to see ilcagased openness and
interoperability bring with them many advantages botbrgganizations internally by
facilitating organizational communication, but also byeptially making them more
visible in the market place—and for KR and KM especiallye“tmarket place of
ideas”—and by contributing to the growth of a sophistidatsubtle, more fully
informed digital community which, while perhaps finding it pecessary to employ
proprietary tools in transition, will less and lesgfisuch constraints on its potential
for creativity and productivity acceptable. The fehattan evolved interoperable
environment will not allow for the unique, the persotfial, unique branding, and so
forth, will need to be countered by the argument that lBnio up the portals for
exchanging information, the distinctiveness of produatsl services will be
communicated to a larger audience.

It would appear that the UK has already begun to see angpawctthe value of
interoperability on a fairly large scale. Indeed, in soways and at some levels,
interoperability is already being widely achieved; feample, in the UK government
at all levels, in the administration systems of unites in the catalogues of
museums major publishing houses, to name just the princigampdes,
interoperability has become more than just a goal—ity ¥eits are becoming
evident. The man who once held the job title of “taperability Focus” has written
that “undeniably valuable information is being made labée to a wide range of
users, often for the first time” [18].

Of course much more is needed in the UK and elsewhemrrrs tof harnessing
methods, tools and procedures that can contribute t@aisicrg interoperability.
Certainly the great hope is that interoperability of kimel sketched here would lead
to fundamental changes in the way that organizations teperad this to their own
advantage and to the advantage of society generally. So,délsggn and
implementation of the common architectures which we hope developing need to
be deeply informed not only by user requirements, buttaisdbe worthiest goals of
individuals, organizations and institutions. In thegard, Miller has written:
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“A truly interoperable organization is able to maximthe value and reuse
potential of information under its control. It is alsble to exchange this
information effectively with other equally interoperabledles, allowing new
knowledge to be generated from the identification of matatiips between
previously unrelated sites of data” [17].

As Peirce succinctly put it, “Symbols grow,” and in suclysvthat the knowledge
representation community has the potential for coating mightily to the
development of robust and truly fully interoperable netwoilteese contributions
have of course already begun. Yet bringing about the changpsanciples and
practices that might lead to the growth of healthy fafigg empowered communities
using technologies to achieve significant and benefigaltural goals is
unquestionably a difficult and unpredictable processfuich there can be no recipe
for or certainty of success. As Larry Hickman (paraphgsinother extraordinary
Pragmatist, John Dewey) has commented, “technologicalutevois not a matter of
distinguishing technological artifacts from the ways inchhive use them, because
our technological artifactare the ways we use them.” [12] Perhaps this is why it has
also been suggested that the problems we are facingtanewpobut rather that they
have to do with the really age-old problem of getting pedplagree to those things
which, were they to do so and truly commit to themybddenefit all concerned. Yet,
because of the intense competitiveness often presentrganizations, many
enterprises are, as Hickman notes, using network servitainly as a means for
integration and have hardly begun to consider advancddrmeptations.

There is not much that members of the knowledge repsdgen community can
do to bring about these broader kinds of cultural chamgepto try to come to better
agreement among ourselves on such crucial mattersaredastls regarding some of
the semantic and pragmatic issues discussed here, whiiewng to develop the
theories, methods, technologies and—of no less imporatihee communities that
help support complex and mutable processes, especiallyebasprocesses. In this
way, and as the title of one of Miller's papers hasmngmbers of the knowledge
representation community may yet hope to more fulblize what could be at the
heart of our vocation, to become “architects ofittiermation age.”
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