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ABSTRACT

Through scenarios mn the popular press and tachnical papers in the
razaarch literanare, the promuze of the Sementc Web has raized 3
maunber of differert expectations. These expectaiions can be
traced to three different perspectives on the Semantic Web. The
Samantic Web iz portraved as: (1) a unmvarsal hbrary, to be readiby
accessed and wused by lmmans in a vanety of information wse
coniextz; (I} the backdrop for the work of computationsal agents
completing zophisiicaied activities on behalf of their hwwan
counterpants; and (3} a2 method for federating parbicular
knowledze bases and databases to perform anticipated tasks for
humams and their agents. Each of these perspectives has both
theoretical and prasmatic emtalbwents, and 3 wealth of past
experiencas to smde and temper our expectabions. In this paper,
we exanine all thres perspactives from rhetorical theorstical and
pramatic viewpomis with an eve toward possible outcomes as
Semanitc Web efforts move fonward.
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1. INTRODUCTION

Cher the past decade the Web haz zrovm from what many
percetved az an mnproved Gopher mterfacs to become the new
medimn of commmmication. It would have boen hard to predict
such a transrtion; the doubts that many researchers had about thiz
ouatcome tomed out to be rusplaced. So when we read abowut the
Semantic Web as the next era of the Web, we are less critical of
the claims — we do not want to make the same mistake twice. Yt
It seems prudent to examine the finure of the Semantic Web more
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carefully with an eve toward diffenng perspeciives on and
expeciations of itz uze, as well 3z theoretical and prasmmatic
conzideration: that will affect mz evelotion

The Semantic Web is the outerowth of many diverse desires and
mfluence:, all aimed at malane bettar uze of the Web as it stands.
The anxiety over the apparent dizorder of thiz new world of digital
documeniz — how one make: zense of new gemres, new
technologiez, and new uses and mode: of publishng and
meamﬂnzmatmalz. 1= one such mfluence [24]. A second comes
fromn the field of Artificial Intellisence. with Itz matoring sense of
the kinds of computston that can take place zivem fonmal
reprezentafion: — what kinds of problems= are tractable to the
methods that have been developed over the past 30 vears {see for
example [27]). Finally, there is a utopian desire to offload the
burdan of information overload and the complexty of evervday
life omto the comyputer, usine the vast rezpurcez that have
acounmlated on the Web as a backdrop to help us in our everyday
activitie: and to addresz: the most nommal of problems [3]. All
three of thess dezire: and mmfluences are readily justified, =iven
the zcope and depth of the information on the Web; we now pmst
ask ourselves winch of them are realiztic? How can we zet
appropriate expectations for the reach of the Samantic Web?
From the W3C’s inception, there waz a perceived need to bring
ordar to the loosaly connected networks of dizital doonment= that
made up the Web. Althoush thiz order was to be realized by
conzonmmm’s development of standard=. it would also reflect the
order that hibrare: have and the Web does not — a consistent
strocture by which people can accass materials. hlore recenthy, we
can zes avidence that this view of the Semantic Wb i3 =tll wadaly
bald in the Hyvperteot and World-Wide Web conumunities [8];
Scenare 1 m [29], an mformation access scenano m which the
retrieval is aided by setnentic metadata iz 3 good example.

A second perzpective for the Semantic Web 1= one of a globally
diztnbuted knowledze base Thiz perspeciive on the Semsendic
Web was put forth earty m the Web's developtnent bv Barnars-
Lee, who begsn hiz efforts with the sim of evenmally creafing
networked knowledze ontologies [3]. Bemers-Les haz gone on to
describe the Semantic Web as being able to leam from the
expenence of Cywe [13], aeastine an mfrastruciure for kmowledze
acquizition, representation and ublization aoom diverse use
conterdi= [4). In scenanos remimiscent of Apple’s Enowledsze
Mavigator vizion from the mad 19807z [1], thus global kmowledze
tﬁsenﬂlbeusedhpermml azents 10 collect and reason about
micmmation assisims people with tazks: comman to evervday life

A third perspective on the Semaniic Web is az infrastrochirs for
the coordinated sharne of dats and kmowledse In this visiom,



developars crests a distributed kmowiledzs or data baze for their
particular domain-oriented applications. The reprezentation
lansuags. the commmmication protocols, and the access control
and authentication are handled by the Semantic Web., This
perzspective s simdlar to Bieber and Eaomar's efforts to add
computation to hypertext [6), and Halasz's exhortation to this
effact in hiz mfluential Seven [smne: papar [17].

These thres parspectives lead to very differemt expectations of
what the Semantic Web will brinz to the Web az w2 know ot
today. Somme of these expectations consider only the techmical
feazibilitv and do not consider the social and cognitnee
mnplications of the approach, much liks Jerox’s 1970 vizion of 2
paperlass office [36). Oiher expactations isnore the difficulty of
scaling knowledzetbazed systems to reazon across dotnmins, like
Apple’s Enowledse MNavigator, or are overly optinustic that
common sense result: from the representation of a smufficient body
of domam-oriented Imowiladea.
The difficulty of kmowledse acguisition, reprezsmtation and
reazoning has a long history of being undsrastimatad b somme of
the feld's most influenfial researchers inchidine Simon and
Mimakoy

“Wlachines will be capable, within twenty wvears, of

doinez armv work that a man can do.™ [40]

... Within a generation the problem of oeating
‘artificial mtellizenca’ will be mubstantially solved.™ [30]
Thiz paper anmahvzes the feazibility of these thres zeneral
perzpectives on the Samantic Web and the expectations that stern
from them In the next secton we descnibe the three perspecinves
in more detaill and provide a framewark for excamming them In so
domme, we sunmmarizs the theorstical challsngss of sach We
revisit some of owur esrlier work on brinmme  formal
represantations o hyperiext, and frame this work in the comtesot of
the Semantic Web as a way of anticipating some of itz hkely
challenzes. We conchede with a prasmatic look at of zotme of the
obstacles the Semantic Web will encounter, dizouss tvo existing
Samaniic Web applications, and examine sgime poszible near-tenm

CTEC Obes.

2. THREE PERSPECTIVES

What 1z a Semantic Web and what can it do? These ars the
questions that people mav have when thev read the amicles from
the W3C or hear Semantic Web presentabion: at conferences,
meetings and workshops. High-level visions and scenarios dinve
quickly into implementation detail: and standards; it 1= difficalt to
sort out what 1= theoretically and practically poszible. To begin the
procesz of sorting onnt the promuze and penl: of the Semanfic
Web, we descnibe the thres perspective: m more detzil with
examplez of how these perspectives are poriraved in writings
about the Samantic Web.

Figure [ place: the three perspective: within 2 space. On one axis,
we can think of the representations used on the Web as moving
from the particular — limdtad to the suthor’s onginal motivabon
for publizhing somethins on the Wb — to the universal wzeful in
any context. On the other s, we can consider who uze: the
reprazantabions, nman usars who are acceszing the mformation
directhv, edther as the result of a query or as the result of
interacting with a Web application. or computational proceszes,
which are either koutims topether the mformation holdings of

spacific known application:s or which are weaving a zilant tapesiny
of knowledze throush the work of azents.
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Fizure 1. A framework for the three perspectives on the
Semantic Web

We can readilv put pach of cumrent Web use i the realm of the
buman and the particular. Manarally, the Library of Alexandria or
Taming the Web vision that sees the Web's potential to form the
ultimate dizital hbrary or information resource iz fimther alons the
anticipated outcomme. The Federated DataEnowledse base da=lls
in the realm of machine procezzng of the particular and known;
throush thiz approach, specific bitz of the exiztmz Web are
rendered interoparabls. In the most distant region of the space lies
the Sarmantic Web writ large the view that hobds it to be the
resorce of personal azents formiing the backdrop for a latter-day
Enowledse Navigator.

2.1 Taming the Web
Cne of the early vizions of the Semantic Web aroze as a reaction
to the disorder of the Web. The Web was and 1= not ordered in a
categorization schewms and unfill AltaVista amd Google came
alonz seemed to be srowims topsv-turnvy to the point that the
vohine of data could not be acceszed in an efficient manner.
Dletadata cataloming and schemas wers seen as the answer.
With myproved indexing and retrneval alzomthme, this perspactive
iz rarely dizcuszed any more, although many researchers wam s
that search emmimes are not apolitical [21]. However, lnmian
mformation needs are beine met and the Yahoo's hand-
cataloging efforiz are m danger of being put out of buziness by
CGoogle’s extenzive automated index Buf remmantz of this
perspeciive parsist i current wrttings about the Samantic Wb,
“While XML 1= dezigned to dezaibe the structure of a
document, rather than iz confent, it is 3 ksv tool I too
development: zimead af radically improvineg infonmation
refrieval, and m tarming the web.™ [14]
The nead for “tamung™ i= no longer the foous of most Sementc
Web effortz, although the requirements for ourent visions make
azzumpdion: about the cooperation of awthors. Agresing on a
cataloging schame for Semantic Web doouments &= 3 prerequizite
for any zharing of semantic knowledze URI: represent concapts
and BDF expreszs: kmowdedsze az UFI tmiple: in the form of
(Moum Verk Object). URI= mmet be used consistently or elze the
semantics of the comcepts will become 1l-formed and open for
mierpratation.



“The Sernantic Web is an extenzion of the ourent Web
in which information iz given well-defined rmeaning,
better enabling computers znd peopls to work in
cpoperation. It iz based on the idea of having data on
the Web defined and linked swch that it can be wsed for
moTe effective dizcovery, automation imtesration, and
renzs aoros: various applications.™ [19]
As thiz quots indicates, the Semantic Web i=s now viewed as an
extenszion to, rather than a more rigid reprezemtation for, the
existing Web. This is forturtous as, while economic reazons mizht
cauzs busmeszes to use 3 preschpiive reprezentabion other
sorces providing ussful imformation are unlikelh to be mfluencad
by such a mechami=zm.

2.2 Knowledge Navigator
In 1987, Apple Computer produced the Enowledse Navizator
video m which a perzonal azeni helpz a professor deal with
ncomung mesages and his :chedule 3z well a@ comrelatng
deforsstation in South America with the reduction of ramfall m
Africa [1]. Aside from the Enowledsze Navigator's natural
lansuage mterface thiz view of a network of knowdadze that can
be uzed by personal agsnt: iz the primary parspeciive of mamy of
the current writings about the Semantic Web.
“The Semantic Web will brmg stuchure to the
meaninsfol contetit of Web pages creating an
enviromment where software agsnis roamins from paze
to page can readily casry out zophishicated tasks for
wzers.” [3]

“Software azemiz can use thiz information to search
ﬁlterand;u'eparem.ﬁmtmummnm andcrwa'e-
to azzist the webusar.™ [19]

The wview of a machine readable web to g0 alonszide the exasing
haman resdable web seems siraizhiforward enough. The dificulty
hies in the comtent of that web. It 1z essv anoush for computers to
exchanze dats shout oomputations] abetrachons =uch as
hlename: sizes usemame: paszwords, =tc. It = pmch harder for
computer: to exchangs mformation about human-orented
concepis such a3 happmesz and beauiy. These examples are
exiremes of sortz — but conzider the communicarion that ocours n
an on-line book review. There iz ofien a numernical rating that
computers can eaily share and reason about and there 1= 3 written
review about win the mamerical rating was what i was. Trying to
gef people to exprezz such a book review Im a3 computer
representation will result in limdting what the reviewsr can sav
and makims a lot of azsumptions about shared understandings.

Furthermore, well-represented concepts in one siuaton often do
not apply to other sfuations. For example, aBay zallars are aiven
a trust raimg; thiz enables buvers to transfer finds with the
confidence that the seller will ship them the tem dezmmibad online,
and that it will more or less meet the buver’s expectations. Trust iz
acourmlated over a mumber of tranzaciions and zesms to work
reazonably well m the sprawlins eBay virtual zarage zale. MNow
take thiz guantitative demonsirated notion of trost azsociafe §
with an identity, and bring ® mto the Ama=mon Web zite, whers
readers mav coniribute thew onn reviews of books. I may ra=t a
known eBav zaller to send me an suthentic rare first sdrjon as
desrribed on the seller’s pase nat woould I trust the zame eBav
seller’s review of the same book on Amazon? Perhaps we should
specialize thiz notion of trest to “matenal tust” and “miellacnzal

trust™ We can raly on our eBay saller to deliver the moods, buat
perhaps mot taste or judesment. [t iz 23sv t0 see how ganeral
ontolozies may spiral out of control, especially 3 new kinds of
gpoods and zervices becoms available (I trast thiz person's taste,
but not his annotations, for example).

What of data exchanges in the scientific compmmity? I=n't the
exchanss of guantiative data and messnTemsnt: more
straightforaard” Az Star demonstrated m her work with the Womm
Commmmnity  [41], such exchanse: prove to be  simulardy
problematic, even without the difficulties that anise when cross-
lab sharing 1= indtisted wathout understanding cument work
practice.

In zeneral the mtertwined problems of kmondedee acquisibon,
knowladees representation., and knowledgs utilization have been
the focus of artficial intelligence for close to 30 years. There are
now many knowledese-bazed svaterns but these are domain-
ortented. Their acquisition procasss represaptations, and uss are
dasizned with an understandime of the problems that they will be
uzad to solve. Thiz problemvdommsin specialization avoids the
problems of unendins definitions and context and conflicting
reprazentations. Mneky [31] and Suchman [42] describe different
problems related to representing relevant contest. Blinslor argues
that a smale formal representation cammot be uzad to define what
peopls mean by “being a bird™. His argument procesds throush a
vansty of defimtions of bird with contmua]l counter-examples of
wheare the definition bresk: down. In the end he argoes, it is not
possible to arrive at such a reprezemtation for all croumstances.
Suchiman describes the problem= of a knowledzebazed systam
that lacks sufficient mformation about the comtest of use and
arzues that such zaps are mevitable a2 thers is always 2 sitation
where more comtexinal mformation @z relevant. These are
problems with decontexinalized kmowledze reprecentation They
bave alzo been 3 continuzl challenze to attsenptz fo Create an
encyclopadic knowledes baze e g Cac [135].

In fact, questions about the :rmlamty of the Semantic Web and
Crr have bean raised by the W3C. In Bamers-Lee's descnption of
“What the Semantic Web can Peprazent” he zayvs:

.. has thiz not been tried before with projects such as
FIF and cyc? The anewer is ves, it ha: more or less
and such svstem= have been developad a long way.™ [4]

Leaminzg from the experience of Cve and the Enowledse
Interchanse Format (KIF) iz nportant for thiz perspective of the
Semantic Web to succeed even partially. The lessom iz that
contexi-free  kmowledse representatton relies on domain
ortentation. Confext-aware represantations developed wath a
gpacific task m mind. can brins together kmowledze that crosses
domainz. Thiz mplie: an explozion in the rumber of URI: for any
Efven concept zince diffsrent atimbutes will be mportant (and
have different values) in different contexts. This iz not a problam
that can be soled by usims a2 uniforn knowledse editor, the
Semantic Web equivalent to  FrontPaga, Feasoning in
umanticipatad ways acrossz the Semantic Web would thus require
resolving inconsistencies betwsen different reprezentation: and
produce highlv heuristic results.

2.3 Federated Data/Knowledge Base

The last perspective we are considening is that of a federated

datadmondedse base. Thiz 1z zimular to the pnior perspectve
except It aszumes that the federated componentz are developed



