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Ontologies and

Electronic Commerce

o ntologies provide support in integrating heterogeneous and distributed

information sources. This gives them an important role in areas such as

knowledge management and electronic commerce. E-commerce is currently fac-

ing revolutionary changes: Marketplaces are enabling new kinds of services and

interactions between suppliers and ven-
dors. The dynamic generation of supply-
chain links, automatic negotiations,
market transparencies, coalition form-
ing, and online configurations of prod-
ucts are just a few examples of these
changes. However, suppliers and ven-
dors suffer from the same problem—
they need to integrate heterogeneous
and distributed product descriptions. In
most cases, there is no consensus on the
products making up a domain, how to
describe them, and their proper product
catalog structures. Even when consensus
is achieved, buyers and sellers might
need different views on product data.
Even within a buying organization, dif-
ferent users might prefer to see product
data differently.

Industry found these needs to be the
major bottlenecks in B2B e-commerce.
Large initiatives have been set up to
define ontologies as a means for mediat-
ing e-commerce. Examples of ontologies
with large horizontal cover are UN/SPSC
(Universal Standard Products and Services
Classification code—see www.unspsc.org)
and UCEC (www.ucec.org), both of which
want to support B2B transactions in all
possible areas. (Horizontal standards try
to cover all possible product areas. Verti-

cal standards focus on a certain domain
and provide much more detailed descrip-
tions.) UN/SPSC defines a concept hierar-
chy to classify all products, and UCEC
defines attributes to describe these prod-
ucts. Ontologies with a large horizontal
cover are usually very shallow in respect
to a certain product domain. On the
other end of the spectrum, we have
examples such as RosettaNet (www.
rosettanet.org), which provides a vertical
ontology that describes products of the
hardware and software industries in
detail.

Building consensual and reusable prod-
uct catalogs is nothing more than build-
ing an ontology for a certain domain.
Consequently, we have seen fruitful
cooperation in this area between re-
searchers working on principles, meth-
ods, and tools that support ontology
development and industry applying these
things in e-commerce. Examples include
VerticalNet (www.verticalnet.com), which
houses vertical marketplaces and ontol-
ogy departments; Interprice (www.
interprice.com), which develops ontol-
ogy-based information access for cust-
omers in B2C transactions; and Content
Europe (www.contenteurope.com),
which provides advanced ontology-based

content management support for B2B e-
commerce. In a nutshell, the cooperation
of research on ontologies and online
commerce are currently strong and suc-
cessful.!

Ontologies are only the first step
toward realizing the full power of
online e-commerce. Ontologies enable
machine-understandable semantics of
data, and building this data infrastruc-
ture will enable completely new kinds of
automated services. Software agents can
search for products, form buyer and
seller coalitions, negotiate about prod-
ucts, or help automatically configure
products and services according to speci-
fied user requirements. The combination
of machine-processable semantics of
data based on ontologies and the devel-
opment of many specialized reasoning
services (also called problem-solving
methods?) will bring the Web to its full
power, enabling what Tim Berners-Lee

called a semantic Web.3
—Dieter Fensel
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Ontologies and
Online Commerce
Deborah L. McGuinness,
Sanford University

Electronic commerceis
exploding—Forrester research
(www.forrester.com) predicts
global e-commerce will reach
6.8trilliondollarsin 2004. As
the market segment grows, it
has expanded into broader con-
tent areas, which increasesthe
need for thoughtful content
organization and browsing sup-
port. Ontologies can facilitate
organization, browsing, para-
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Potentially more interesting
isthe proliferation of organiza-
tionsthat are building and dis-
seminating freely available
class taxonomiesto facilitate e-
commerce or other online orga-
nization. For example, the joint
effort between the United
Nations Development Program
and Dun and Bradstreet to pro-
duce the UN/SPSC code
(www.unspsc.org) isan effort
aimed at producing ataxonomy
for classifying both products
and servicesfor use throughout
the global marketplace. Many
B2B sitestoday are complying

metric search, and in general,
moreintelligent accessto
onlineinformation and
services. Thisessay discusses some ontol og-
ical trends that support the growing domain
of online commerce—you can view it asan
update to aprevious paper in which | identi-
fied ontol ogy-enhanced e-commerce appli-
cation issues and opportunities.

Taxonomies

The online market “ discovered” ontolo-
gies many years ago. Online yellow pages
were organized by a standard industry code
scheme to help people navigate. Yahoo
took this a step further and made a signifi-
cant impact with its use of ataxonomy and
human tagging to help its users navigate
content. What Yahoo introduced is repeated
on most content dissemination, search, and
commerce sites today—most have five to
15 top-level categories of topics, alowing
somekind of drill-down feature into more
specific categories and giving someindica-
tion of the amount of content in any one
area. Most sites expose some kind of topic
or class-generalization hierarchy to support
browsing. In fact, it would be unusual
today if asitedid not provide at least three
levels of class—subclass organization to
help users navigate.

Debates arise over whether taxonomies
should contain only strict subclassrelation-
ships (for example, if every instance of a
more specific classis necessarily an
instance of the more general class), if single
or multiple parents are allowed in the class
hierarchy, and afew other technical issues.
However, it isnot typically disputed that
some kind of class organization isrequired
to support browsing and user expectation

settings. It isacommon (and accurate)
belief that some sort of taxonomy of classes
isrequired for online sitestoday. Acade-
mics such as Dieter Fensel? suggest that
ontologies provide asilver bullet for e-com-
merce, and many companies are interested
in ontologies. Corporations such asVerti-
calNet have built significant ontological
organizations to support their commerce
offerings. However, corporate interest is not
restricted to newer technology companies
such as VerticalNet, CommerceOne, Cisco,
and Yahoo—established companies such as
AT&T and Daimler Chrysler are exploring
and building ontology expertise. Online
commerce will continue to consider ontolo-
gies as anecessary component to support at
least navigation, user-expectation settings,
and parametric searches.

Information Sources

Assuming everyone needs some sort of
classtaxonomy, we need to find sources of
taxonomic information. Fortunately, many
taxonomies are available today, and some
class organizations that existed prior to the
e-commerce revolution are being reused.
Two examples are the standard industry
classification scheme (the SIC codes used in
theYellow Pages are now called the North
American Industry Classification System—
see www.ntis.gov/product/naics.htm) and
the unified medical language system
(UMLS, whichisused for medical litera-
ture—see www.nlm.nih.gov/research/umls).
These are interesting examples, because
they arelarge and long-lived efforts at build-
ing large public taxonomies for reuse.

(and extending) the UN/SPSC
for their own use. Some consor-
tiaare being formed, such as
RosettaNet (www.rosettanet.org), a self-
funded, nonprofit organization that isa
consortium of major information technol-
ogy, €lectronic components, and semicon-
ductor manufacturing companiesworking
to create and implement industry-wide
e-business process standards. It produces
controlled vocabularies for process inter-
faces, dictionaries, product and partner
codes, and exchange protocols. Grass-
roots taxonomy organizations are grow-
ing aswell. Open Directory (also called
DMOZ—www.dmoz.org) isaiming to
become the user-generated comprehen-
sive dictionary for the Web. DMOZ asks
volunteer editors to submit categories and
classifications of pages, and at presstime,
it had over 33,000 editors, 336,000 cate-
gories, and 2.3 million sites.

Beyond Monolithic
Taxonomies

Today, it isactually becoming lessan
issue of building one’s own class taxonomy
but more an effort at identifying what is
available for reuse, what portions of exist-
ing information are useful for someone’'s
particular needs, how the assumptions of
the existing knowledge source fit with a
customer’s assumptions of reuse, how a
customer merges two or more existing
knowledge sources, and how a customer
fillsin the holes that inevitably exist inthe
available information.

To answer these questions, application
designers must understand their content
domain and likely content sources, identify
how they arelikely to use the ontologies,
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articulate their needs and assumptions, and
attempt to predict their future needs. Needs
for ontologies might be simple, such as our
usein FindUR (later deployed onAT&T's
WorldNet site),3 in which we used ontolo-
giesasasource of information for query
expansion. If smple query expansion is

al that isrequired, then simple class tax-
onomies are adequate.

Even if asimple class taxonomy isal
that isrequired, you might need to combine
taxonomies to generate an adequate taxon-
omy. You might want, for example, to
extend the UN/SPSC to have more depth
in certain areas, by adding detailed sub-
classes from another ontology. Possibly
more common is the need to use some
branches from one ontology and some
from another. Thisforcesauser either to
merge ontologies, possibly using atool
such as Chimaera® or Prompt® or using an
approach such as the one advocated in
DAML % in which users subscribe to many
ontologies and choose terms from specific
ontologiesin their new ontologies. These
approaches, in combination (which is sup-
ported by the merging tool environments),
support building large ontologies from
component ontologies.

Most e-commerce siteswill not survive
by only using simple query expansion,
exploiting only class taxonomies—they
need some form of structured information to
support parametric search. Forrester, for
example, claimsthat “surgical search” isa
requirement for future search offerings. In
thismode, users expect to be able to present
avery precise query for an item—possibly a
monitor with adiagonal of at least 19 in-
ches, aresolution of at least 1,024 x 780, a
manufacturer of either Sony or Viewsonic,
and so on. The ontology must capture class
information (for example, the subclasses of
monitors) aswell asall the parameters that
make senseto specify for aclassand prefer-
ably the range restrictions and types of
fillers. Thistype of searchisalso called
parametric search, and it exists on many
online sitestoday, including the smple con-
sumer search on wine.com or more sophisti-
cated interfaces that approach configurators
(such asthe one on Déll’s site). To support a
parametric search, parameters need to be
identified on aper classbasis. Also, to better
support the user, restrictions on the parame-
ter should be specified (for example, price
should bein dollars or at least floating-point
numbers or integers, manufacturer lists

Most e-commerce sites will not
Survive by only using Simple query
expansion, exploiting only class

[axonomies—they need some
form of struckured information fo
support paramelric search.

might be stored, common diagonal values
might be stored for monitors, and so on). It
isachallenging task to find existing ontolo-
gieswith enough information concerning
parameters. Therefore, itislikely that most
application developerswill need to augment
thefreely available ontologies.

Markets exist today for controlled
vocabularies for populations of ontologies.
These controlled vocabul aries should con-
tain class, property, and property restriction
information. Additionally, an ontology tool
market is growing for manipulating ontolo-
gies, because customers are looking for
toolsfor ontology evolution. Tools for
ontology building, maintenance, validation
and verification, merging, and evolution
are all becoming increasingly important to
support the needs for ontologies in support
of online commerce.

Future issues

Ontologies are becoming increasingly
important as acomponent of online com-
merce offerings. They are useful (and
arguably necessary) in supporting at least
navigation, browsing, user-expectation
setting, and parametric search. Sources of
classtaxonomies exist, toolsfor piecing
ontologies together are growing, and some
sources of parameter information are
becoming available. Challenges remain for
usersin reusing available ontological infor-
mation, because as standards are still form-
ing, most vocabulary information needs to
be augmented, and although some tools
exist, most are still on a development path
to becoming complete tool suites suitable
for mass deployment. These challenges are
surmountable and they should diminish
over ashort time. Efforts such asthe
DAML program might be one source of
many useful toolsfor these efforts. Com-
merce itself will likely be another source of
ontology tools.
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Ontology Associations
Ellen Schulten, Hel oise Ontology Associates

E-commerce is the hype of our young
millennium and with it information tech-
nology. Inthe old days, the business world
considered I T as a cumbersome support
function—things had to run smoothly, but
no one really wanted to deal with it. Out-
sourcing was often the best option, but if
not, the I'T department was still rather iso-
lated from the business processes. This has
al changed in the new economy—now
everybody turnstheir attention to I T. Tradi-
tional companiesinvest billions and build
spin-off companies with the sole purpose
of turning their businessesinto e-enabled
businesses. The stock market now devotes
aspecia placeto I T companies, onethat is
followed more closely than ever. Newspa-
pers publish articles on intelligent agents,
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and common business people discussthe
advancement of standard ontologiesin
their industry areaasif they had aways
talked of these topics.

The view from business

From my perspective—which is not that
of the scientific community but rather the
business world—state-of -the-art information
technology never achieved thiswidespread
attention. Members of the | EEE could argue
that the same applied to Al researchinthe
eighties but that the necessary patience of the
real world to arrive at fully functioning mod-
elswas absent and led to disillusion and
eventualy disinterest. Following thisanal-
ogy, the e-commerce hypewill follow asim-
ilar path—once the novices out there under-
stand that state-of-the-art technologies are
not yet plug-and-play solutions, theinterest
will gradually fade, and research and busi-
nesswill each go their own way.

Deborah L. McGuin-
ness isthe associate
director and senior
research scientist of the
Knowledge Systems
Laboratory at Stanford
University. She has built
and deployed numerous
ontology environments
and ontology applica-
tions, including some
that have been in continuous use for over a
decade at AT& T and Lucent. Sheis coauthor
of the current ontology evolution environment
from Stanford University and of one of the
more widely used description logic systems—
CLASSIC from Bell Laboratories. Sheisalso
coeditor of the recently released DARPA
Agent Markup Language. Sheis on the advi-
sory board for Ontology.org and Powermarket,
the executive council for theAAALI, and the
executive steering board for the international
organization for description logics, the Ontol-
ogy Inference Layer effort. Contact her at
dim@ksl.stanford.edu.

Ellen Schulten isan
independent consultant
in B2B e-commerce. She
has a background in
change management
consultancy at E& Y in
the Netherlands and Cap
Gemini PBSinthe US.
Sheishighly interested
in the use of ontologies
and ontology toolsfor e-
commerce. Sheisalso activein several e-com-
merce start-ups and is cofounder of Heloise

However, in my opinion, thiswill (or
should not) bethe case. Let’sfirst look at the
reasonsfor this huge interest in e-commerce
and state-of-the-art technology from the
businessworld. E-commerceissaidto sig-
nificantly alter businessasusudl, but what is
S0 new about it? The possibility of conduct-
ing transactions online aready existed in the
seventies. An important contribution to this
technology was provided by theinitiative of
the United Nationsto arrive at acommon
standard for electronic messages passing
between partnersin international trade.
These efforts eventually led to the Electronic
Data | nterchange For Administration, Com-
merce, and Transport (EDI/EDIFACT) stan-
dard. However, EDI implementationswere
50 costly and labor-intensive that they were
confined to only afew industry giants. Now
almost every company can replace inefficient
and error-prone processes such as calling for
the availahility of aproduct, faxing a pur-
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chase order, and waiting for aconfirmation
with aclean and fast Internet connection.
Furthermore, whereas an EDI solution con-
nected one vendor with one buyer, the Inter-
net alowsthe possibility of N companies
conducting businesswith M companieson a
shared Internet platform. Thisiswhat is
referred to as an electronic marketplace.

The e-marketplace

Just imagine the influence of an e-mar-
ketplace on traditional business relation-
ships. Existing supply-chain relationships
and pricing agreements would be cut loose
due to an enormous increase in market
transparency—thus heavily impacting mar-
keting and pricing strategies and changing
revenue models. (Thisisaready obviousin
the B2C area, where pricing agreements on
consumer goods such as books and music
are under heavy pressure.) Intermediates
such as the wholesaler and the distributor
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could easily be bypassed, buyers and ven-
dors could share their production and sell-
ing forecasts, and therefore delivery cycles
would drastically diminish.

Many business people are reluctant to
accept these ideas. What about the careful
(and convenient) relations and partnerships
set up with clients and vendors? | would not
want to argue that all existing agreements
will dissolve, but in alarge part of core
business areas, such as strategic buying for
production and R& D, the ease of finding
the best prices and products over the Inter-
net will at least shake up traditional busi-
ness rel ationships.

Simultaneously, new types of relation-
shipswill ariss—for example, in the area of
collaborative planning, forecasting, and
replenishment. An interesting example can
be found at the Voluntary Interindustry Com-
merce Standards CPFR committee (see
www.cpfr.org). Thisworkgroup originated in
1998 as a subcommittee of VICS and set its
mission to create collaborative relationships
between buyers and sellers through coman-
aged processes and shared information. To
collaborate, buyer and seller jointly develop
asingle plan and forecast for demands, pro-
motions, and replenishment strategies. The
VICS CPFR communication standards and
supporting software are the means through
which the partners communicate. Pilot pro-
jects of the CPFR committee yielded impres-
sive results—such as an 80 percent increase
in businesswith atrading parthne—and sig-
nificant sales growth occurs concurrently
with inventory reductions. Recently, three of
theworld’slargest industry-sponsored mar-
ketplaces announced adding CPFR services
to their procurement hub.

Another indication that marketplaces will
highly impact businessrelationshipsisthe
emerging focus on peer-to-peer technolo-
gies, agenera term referring to al technolo-
giesthat will enable two or more actorsfrom
different companiesto jointly derive some
information (for example, abusinessplan, an
order, acustomer’srequest), that they jointly
approve, plan, execute, and pay. An interest-
ing question that arisesiswho will eventu-
aly own the e-marketplacesthat enable this
broad range of business processes, or will
there be an owner at all?

Clearly, these potential opportunities and
dangers make the businessworld eager to
follow up on new trends and technol ogies,
but that won't be easy. E-commerce trends
are generaly either described in a marketing

brochure (with theright business and the
wrong technical terminology) or atechnical
paper (whereit isthe other way around). At
the sametime, business and state-of-the-art
technology were never so intertwined—a
discrepancy we need to overcome before
arriving at efficient e-commercing.

Business as usual, IT as usual?

E-commerce will not significantly alter
business as usual if the IT community does
not significantly changeaswell. If IT isto
become more the heart of business instead
of asupport, its content should change.
High-level IT jobsin the outside world—
new functions such as Content Vice Presi-
dent, e-Director—will demand not only
the latest technology support but also a
strategic business vision. Technical univer-
sitiesthat deliver students without an
understanding of business processeswill
fail to respond to the interesting new idea
that IT managersare fully part of the
strategic management. The same appliesto
the research area—most papers discussing
application areas in e-commerce hardly
pass the introductory course in business
terminology. E-commerce is about elec-
tronically doing business—that is, putting
the business process flows of companies
on Web-enabled technology. Any commu-
nication between science and businesses
will be seriously harmed by the absence of
acommon ontology.

Let's examine a concrete example. E-
commerce is supposed to generate enor-
mous cost reductions. An often-cited
example that appeared in many research
reportsin the first e-commerce daysis that
“Companies can reduce the costs of apur-
chase order up to 40 percent.”2 A strategic
buyer in a manufacturing company would
laugh at this. Hisjob isto find raw materi-

Aninteresfing question thaf arises
15 Wwho will evenfually own the

e-markefplaces that enable this
broad range of business processes,
or will there be an owner at all?

asthat the production floor needs, contin-
uously leveraging the best price with the
right time frame. The costs of a purchase
order mean peanutsto him. Why isthis
mistake made? The citation was taken out
of its (business) context, which referred to
the costs of a quantitative, highly utilized,
and obviously poorly automated process of
buying office supplies. Another more gen-
eral exampleisthat the exchange of busi-
ness documents is amajor success factor
of e-commerce, yet most publicationstalk
about posting a purchase order, sending or
receiving a confirmation, and invoicing.
The production floor manager will want to
integrate his bill of materials, and the
buyer will want to send arequest for
quote. A science that promises business
process optimization should know where
the painisfelt!

Of course, this does not imply that
intelligent information specialists need
know theins and outs of different indus-
tries and processes, but they need a strate-
gicvision. Interdisciplinary links were
made among philosophy, psychology, and
linguistics—it is now time for some busi-
ness intelligence.
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Standardization and
Integration in Business-to-
Business Electronic Commerce
Wee Keong Ng and Ee Peng Lim,
Nanyang Technological University
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Electronic commerce encompasses
many issues, such as acquiring and storing
information, finding and filtering informa-
tion, securing information, auditing access,
cost management and financial instru-
ments, and so on.! Among these issues,
finding and filtering information is of
essential importance to a successful B2B
electronic system where buyers need online
facilitiesto help them retrieve information
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and locate resources that match their
expectations and desires. Specifically, buy-
erswould liketo find products and services
at low costs, using languages and termi-
nologies with which they are familiar.

However, the rich and diverse descrip-
tions that vendors use to describe their
products increase the difficulty of locating
products and services accurately and effi-
ciently. With the advance of current Web
search technology, itisstill difficult to
manually locate avendor for acertain
product or to compare among different
vendors, because most search engines are
keyword-based. In fact, one of the biggest
challenges for e-commerce today isto cre-
ate mechanismsto let buyerslocate prod-
ucts and services with specific characteris-
ticsand to let vendors locate potential
buyers with specific traits.

Product information heterogeneity isa
critical impediment to efficient business
information exchange. Thereisno uniform
description for each product type among
vendors. In e-commerce activitiesinvolv-
ing interactions among different vendors
(B2B model) or between one buyer and
multiple vendors (consumer-to-business
model), acommon ontology for the prod-
uctsiscritical.

There are two genera approachesto
resolve the problem of information hetero-
geneity: standardization and integration. In
the standardization approach, acommon
vocabulary and common protocol are
drafted for al partiesinvolved in abusiness
exchange to unanimously support and
adopt. Thisisacommon approach seenin
industry. In the integration approach, map-
pings are found between semantic compo-
nents so that differences can be resolved.
We observe that a proliferation of standards
could bring us back to square onein the
quest to resolve theinformation
heterogeneity problem.

Standardization efforts in B2B
e-commerce

Inthe B2B e-commerceindustry, solutions
for commerce activities are generally based
on standards. Asmentioned earlier, thereare
two prerequisitesfor efficient ee.commerce
information exchange: acommon vocabulary
and acommon protocol. A protocol defines
therules of information exchange among
parties engaged in an e-commerce activity.
Much effort has been expended to provide
related standards for these two factors (see

We observe that a proliferation of
standards could bring us back fo

square one in the quest o reslve
the information heterogeneity
problem.

www.dnb.com/unspsc, www.rosettanet.org,
and www.unspsc.org for examples).2 Ontol-
0gy.org isan organization devoted to devel -
oping industry-specific XML document type
definitions (DTDs) and thusto solving the
vocabulary problem. The ICE (Information
and Context Exchange) protocol? providesa
solution for the protocol problem by manag-
ing and automating the establishment of syn-
dication relationships, datatransfer, and
resultsanalysis. In addition, the eCo Frame-
work Project (www.commerce.net/projects/
currentprojects/eco) by CommerceNet has
also addressed some of the heterogeneity
issues. It has created a base set of common
terms and mappings among existing termsfor
e-commerce specifications. The eCo working
group considersalist of related specifications
among which are the RosettaNet Specifica
tion (Www. rosettanet.org) and the Common
BusinessLibrary (CBL).

Let’'sexamine atypical standardization
effort: the RosettaNet specification and the
CBL. RosettaNet creates property defini-
tionsfor various entitiesin e-commerce,
such as property definitionsfor acertain
product and its properties. For example,
modem isa property (or an attribute) for
computers. Once these property definitions
are completed, they will be distributed to
some standards maintenance organizations
that will enumerate possible values for
those properties. Then, property definitions
aswell astheir values are distributed to
companiesin theindustry supply chain as
standards for business information formeat,
say for product descriptions. Let'stake a
look at how RosettaNet defines one prop-
erty of aproduct. We consider the definition
of the Central Processing Unit property for
alaptop given by the RosettaNet L aptop
Technical Specification. There are severa
fieldsfor the property Central Processing
Unit: Property Name, Synonym, Property
Definition, Dictionary References, Where
Used, Property Type, and so on. Moreover,
some of these fields contain subfields. For

example, Property Name has Abbreviation
and Acronym as subfields. All thesefields
serve as metadata for the product property
(attribute).

The CBL by Veo Systemsisaset of
building blocks with common semantics
and syntax to ensure interoperability
among XML applications. CBL consists of
information models for generic business
concepts, including business description
primitives such as companies, services, and
products; business forms such as catal ogs,
purchase orders, and invoices; and standard
measurements, date and time, locations,
and classification codes. CBL consists of
an extensible, public set of XML DTDs
and modules. These building blocks can be
assembled to create complete XML docu-
ments representing a business interaction
such as a purchase order or an inventory
stock query. Where possible, CBL takes
advantage of other standards using, for
example, relevant 1SO standards for dates,
currencies, and names. CBL isclosely
related to RosettaNet, and the property
definitions that RosettaNet gives can be
referenced by CBL to compose DTDs and
modules for various el ectronic commerce
transactions, including product descrip-
tions. To use CBL, an organization starts
by creating a CBL document describing its
offersand services. Then, it integrates a
CBL system with its back-end system by
writing custom code that interprets infor-
mation between the CBL format and the
organization’'s previous format. It'slike
building awrapper for back-end systems
by using CBL blocks. After that, organiza-
tionsinteract on the basis of CBL seman-
tics and syntax.

The integration approach in
B2B e-commerce

Aswith most standards, it will be some
time before e-commerce standards are
widely used. It is expected that there will
be amultiplicity of standardsin the future,
given the concurrent efforts among differ-
ent organizations. Hence, it is conceivable
that some form of integration would still be
required for the various standards.

Different vendors may differ in the ways
they describe their products—they might
adopt different sets of attributes or vocabu-
laries to describe the same product. For
example, (year, classification, singer, title,
company) may be a schema—aset of attrib-
utes and their corresponding domains—for
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music CDs. We call such avendor-specific
schemaalocal product schema. A global
product schemaisauniform interfacefor a
product based on which heterogeneous
product information can be exchanged cor-
rectly and efficiently. Theinterface func-
tionslike acommon ontology for vendors
of the same product. In general, the prob-
lemin any B2B e-commerce systemisto
derive aglobal uniform product interface
from the different local schemas.

Product schemaintegration is essentialy
aprocess of building mappings among prod-
uct attributes from different product descrip-
tions. Asin other schemaintegration prob-
lems (such as database schemaintegration),
heterogeneity among local product schemas
can be classified into two categories, namely
naming conflicts and missing attributes.
Naming conflictsinclude synonyms, words
similar in meaning but different in spelling,
and homonyms, words similar in spelling but
different in meaning in different contexts.
For example, album and title are synonyms
inthelocal product schemas of music CDs.
In addition, some product attributes used by
onevendor may not be used by another. This
resultsin missing product attributes. For
example, some vendors may use chassisas
an attribute to describe a PC while others
may not.

It has been pointed out that Web data
integration hasto deal with alarge and
evolving number of Web sources with little
metadata about the characteristics of the
sources but a high degree of source auton-
omy.3 Specifically, product schemaintegra-
tion hasthe following characteristics:

Coming in the

 Limited knowledge of local schemas:
Because product information is propri-
etary, we may only obtain product
schemas without further information
about attribute domains or data types
from the vendors’ Web pages. Thus,
conventional schema integration meth-
ods built on the availability of attribute
domain information are no longer ap-
plicable. This presents additional diffi-
cultiesin understanding the semantics
of local product schemas.

e Large number of local schemas: The
number of different vendors, even for the
same product, can belarge. In thissitua-
tion, human intervention is hardly feasi-
ble. A low-cost, scalable, and fully auto-
mated solution istherefore required.

 Fastlocal schema evolution: Whenever
new festures are added or old featuresare
removed, thelocal schemaof that product
must be updated. For example, newer ver-
sions of amultimedia PC product include
additional peripheralsthat extend theloca
product schema Thisgivesrisetothe
problem of dynamic maintenance of the
consistency and integrity of an integrated,
global schema.

Product schemaintegration in the context
of B2B e-commerce differsfrom the related
problem of schemaintegration in database
systems. Although there are many existing
methodol ogies for schemaintegration in
multidatabase systems, such as the use of
knowledge bases, neural networks, or man-
ual normalization before integration, they
don’t apply to product schema integration
in lieu of the characteristics we mentioned.
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More importantly, the automation of prod-
uct schemaintegration is an essential
requirement. The large number of local
schemas to be integrated and the frequent
updates of product schemas make manual
schema integration impossible. In short, we
need asimple, scalable, and fully auto-
mated schema integration technique at the
attribute name level 45

Remaining issues

Product description heterogeneity isan
inherent problem in B2B e-commerce due
to the autonomy of vendorsin describing
their product. Although there are concur-
rent effortsin the industry to standardize
product descriptions, the degree of accep-
tance and the possible multiplicity of stan-
dards remains an issue impeding the prog-
ress of standardization itself. An alternative
and complementary approach isto develop
techniques for product schemaintegration.
Although much work has been donein
multidatabase schema integration, integra-
tion presents a somewhat different problem
in the B2B e-commerce context due to spe-
cial characteristics. With the widespread
adoption of XML inthe future, someform
of integration would still be needed as ven-
dorsretain the freedom to define their
description vocabulary. B
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