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Abstract. Wo show how informartion distributed in several web resources and
represented 1 different restricted languages can be extracted [rom 1ts original
sources and transformed into a common knowledze model represented in XML
using Wehficker. This mformation, which has been buill (o cover dilferent needs
and functionalitics, can be later imported into Heh O, integrated, enriched and
exported mio different representation [ormats using HehQHE specific modules.
We show a case study in the e-commerce domain, using products and services
standards from several organizations andfor joint initiatives of industrial and
services companies, and a product catalogue from an e-commerce platform,

1 Introduction

‘The popularity of Internet and the huge erowth of new Internet technologies have led in
the last years to the creation of a great amount of e-commerce applications ([Fe00]
[Beb97). Technology is not the unique key factor for the development of current e-
applications: the conlext of c-commerce, and cspecially the context of B2B (Business Lo
Business) applications, requires alse an elleclive communication between machinges.

Two extremely relevant factors contribule 1o semantlic interoperability between
machines: {1} a common language in which resources implied 1n the commuanication are
specilied, and (2) a shared knowledge model and vocabulary belween systems that are
present in the whole process. We call them the svrtactic and semantic dimensions.

The first dimnension has led Lo the creation of varied representlation languages lor the
specilication of web resources (XOL, SIIOE, OML, RDE, RDF Schema, OIL and
DANMIAGIL). A comparative study of their expressiveness and reasoning mechanisms
can be found in [CGOQ].

The semantic dimension is related to the knowledge model and vocabulary used by
gystems involved in the communication. In fact, the use of a shared knowledge model
and vocabulary {an ontology} increases the semantic interoperability among information
systems, Several standards and initiatives' came up in the previous years to ease the
information exchange between customers and suppliers, and between different suppliers,
by providing frameworks to identify products and services in global markets, However,
the praliferation of initiatives reveals that B2B markets have not reached a consensus on
coding systems, level of detail, granularity, ete. These issues are obstacles for the
interoperability of applications that follow different standards (an application that uses
UNSPSC codes cannot understand an application that uses c-cliggiss codes).
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Building large and conscnsuated knowledge models for c-commerce applications
{rom scratch 15 both difficull and cxpensive. In this paper, we will focus on the process
ol importing three classifications (IINSPSC, c-cligss and RosettalNel) and an c-
commerce catalogue mito the WehOQDE workbench [Ar)1]. This process 18 identified in a
method of integration and cnrichment of existing standards through the use ol
onlological mappings. which is deseribed 1 [CGO1] and summarized in section 2.

The sources of information used in this paper arce represcenied m dilferent restricted,
struclured languages. Relevant information can be retnieved from them, transformed into
XMI. syntax [BPS98] and integrated using the common XMI. knowledge model of
WebQDE, These processes must be performed automatically, considering the low
stability of these sources of information (they evolve fast), and have been implemented
ina service called WebPicker, Their automatic treatment and configuration management
capabilities ensure that information will be always maintained up-to-date.

Additionally, each standard or initiative has been created aiming to cover different
needs and functionality, UNSPSC, e-cligiss and NAICS are intended to cover all the
products and services that can be offered by a provider, although they will be used in
different markets — worldwide, German and North American-; RosettaNet covers the
electronic equipment domain, and SC1G deals with goods that can be transported. This
leads to the problem of integrating varied knowledge models in a common architecture,
allowing the intra-operability of vertical markets in specialized domains and the inter-
operability between different vertical markets (known as horizontal markets). Integration
1ssues are oul of the scope ol this paper: a deep analysis can be found n [CGOT.

Not only integration 1s important lor our task, but also the enrichment of the resulting
onlologies with additional information, by addimg auributes, disjomt knowledge,
relationships, ete., to the components of the ontologies. Finally, onfologies are exported
into different formats and languages, so that they can be tractable by other systems.
These issues are also out of the scope of this paper, and can be found in [CGO1].

The paper is organized as follows: Section 2 provides a global view of the processes
needed for extracting and enriching the information provided by standards, initiatives
and catalogues, Section 3 describes the standards and initiatives we have selected for this
study (UNSPSC, RosettaNet and e-cl@ss) and an e-commerce catalogue where the
products thal are sold can be linked o these classilications. It alse describes the
representation languages 1 which our sources of information are available. Scction 4
presents WehQODE s knowledge model and 1ts XML syntax, together with the processes
ol automatic cxtraction ol knowledge that have been implemented i WebPicker.
["inally, scction 3 presents the main conclusions extracted (rom this work.

2 A method for reusing standards and initiatives to create e-

commerce ontologies

In this scetion, we explain the main sieps of the method where the process of oniology

acquisition and intcgration rom web environments can be placed. The ratonale of this

method, 115 environment and 11s justilication are prescnicd with more detail in [CGO1).

1. Selection of standards, joint initiatives, laws, cte,, of classification of products
and services. Relevant sources of information are sclected [rom existing global or
specilic agreements on classifications of products and services. They usually
provide a commonly agreed product taxonomy, whose depth goes from 2 to 5 levels.
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2. Knowledge models extraction. HehPicker automaltes the process ol knowledge
extraction {rom the sclected sources of information. They are adapled to the XML
syntax of WehODE' s knowledge model and imported into the WebhOQDE workbench.
Design ol a multi-lavered knowledge architeciure. Rclationships belween
components in the dilferent taxonomies arc wdentified, taking mio account the main
[eatures of the selected sources of inlormation (covering, globality, specificily, cle).
4. Inlegralion ol knowledge models. All the knowledge models previously imported
inle the WebODE platform are ntcgrated in a layered archileclure, using the
relationships identified at the design phase.
Enrichment of the integrated ontology. Current standards do not include attributes
for products, relations between products, disjoints nor exhaustive knowledge,
functions, axioms, ete. They just represent taxonomies of concepts. Hence, they can
be enriched with this extra information when possible,
6. Ontology exportation. The whole ontology or specific parts of it can be exported
into different languages, so that they can be tractable by other systems,
This paper explains deeply steps 1 and 2 from this method, which will be presented in
detail in sections 3 and 4.

L

LA

3 E-commercee standards as knowledge modcls

In this section, we present three different proposals for the classification of products in
the e-commerce domain: UNSPSC, e-cliiss and RosettaNet. Although other similar
approdaches also exist and are available (NAICS, SCTG, ete), we have just selected the
ones enumerated before to show the adequacy of our work in this context. We will also
present an electronic catalogue from an e-commerce platform that can be fitted in the
overall ontology architecture.

3.1 UNSPSC (Universal Standard Products and Services Classilication Code)
UNSPSC is a general classification of products and services. Its coding system is
organsed as a [ive-level taxonomy ol products, cach level conlaining a lwo-character
numerical value and a textual description. These levels are delined as (ollows:

JETENY
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Fig. 1. Part of the classification of UNSPSC for computer cquipment,
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= Segmenl. The logical aggregation of families for analytical purposcs.

= Family. A commonly recognised group of inter-related commodily catcgories.

= Class. A group of commeodilics sharing a commeoen use or function.

= Commodity. A group ol substitulable products or services.

=  Business Function. The [unclion perlormed by an organisation in support of the
commodity. This level 18 seldom used.

Current version of the INSPSC classification (version 4.04 on 13/02/2001) contains
around 12000 products organized 1n 54 segments. Figure 1 shows part of segment 43 (in
the computer equipment domain), which is visualized in static HIMI. as follows:
| 43] Commueications, Cotopater Lyguipiient, Penpherals, Components and Supplics
+ [4316] Sofrware
; [4317] Nardware & Accossorics

-class-[431721] Audio & Visual Accessorics

—carurodivy-| 23 172104 | Television Curds

—eonunodiny-| 43172105 Radio Cards

—carmnodivy-| 23 172106 Mulimedia Kies
-family-[4318] Cormmunications & Computer Supplics

The main drawbacks of UNSPSC are: (a) lack of vertical coverage of products and
services that appear in the classification; (b} lack of attributes attached to the concepts
that appear in the taxenomy; (¢} design of the classification without taking into account
the inheritance between the products that are described; (d) the non-providing different
views of the classification, taking into account cultural and social differences, where
classifications could be made in different ways than the ones presented in this standard.
3.2 e-climss
c-cligss 18 a (gorman inmiative (sunilar w UNSPSC) lor classilicalion of materal and
serviees.

It consists of four concepl levels (called material classes), with a UNSPSC-like
numbering code (cach level has two digits that distinguish 1t {rom the other concepis).
The lour levels are: Segment, Main eroup, Group and Commodiny Class, which are
almosl equivalent lo the [first four enes provided in UNSPSC. Finally, we can have
several products inside the same commodity class (in this sense, several products may

il = L]
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Fig. 2. Part of the classilication ol e-cliiss for electrical engineering products (German and English}.
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share codes. This leads to a fifth level with all of them, as shown in ligure 2.

Table 1 shows the source code (in Microsoll Tixeel format) thal corresponds o the
classificalion presented in figure 2. Although conlents in the document are ordered and
grouped by Lheir codes, Lhis order is not important, as it is implicitly given by the class
code. There are no predelined relationships with other standards and names ol classes
arc given both in German and Tnglish. Finally, a number is given with the depth of the
clenient in the taxonomy: “8” means Lhat it belongs Lo the last level and has no children.

Klasse/Class |Klassenbezeichnung Class description L
27-00-00-00 Elektrotechnik Electrical-engineering 1
27-21-00-00 | Signalverarbeitung Signal processing 2
27-23-00-00  |Prozelleitsystem (PLS) Process control system {PCS) 2
27-23-01-00 Mefianlage, Regel-, Steuer-, PLS (kompl.)  |Meas.control inst. PCS {complete) 3
27-23-02-00 PLS-Komponenten {Teile) FCS components (parts) 3
27-23-02-03 | Bedien-.Darstellungskompenente (FLS) Oper.. modeling compenents (PCS) |4
27-23-02-03  |Farbmonitor (PLS) Color menitor (PCS) 3
27-23-02-03 Grafikkarte (PLS) Graphic card {PCS) =
27-23-02-03 | Maonitor (PLS) Monitor {PCS) S
27-23-02-13 | Software (PLS) Software (PCS) 4

Table 1. Source format for c-cligss classification of clectrical engincering.

e-cligiss contains around 12000 products organized in 21 segments. Segment 27,
which deals with Efecirical Engineering, contains around 2000 products. Finally, the
main group 27-23, which deals with Process Conirol Svstems, together with the main
groups 24-01 o 24-04, which deal with flardware, Soffware. Memory and other
computer devices, conlain around 400 concepts.

This classification suffers from the same drawbacks as TINSPSC. Tn fact, it is a
similar approach, although within a smaller social enviremment: German conipanics.
Tinally. an advantage of this classification is the possibilily of having lerms, and their
descriptions, in both Tinglish and German.

3.3 RosettaNcet Technical Dictionary
RosettaNet ‘l'echnical Dictionary is a classification of products in the electronic
equipment domain. In contrast with UNSISC, this classification does not use a
numbering svstem: it is just based on product names, and it is also related o UNSPSC
by providing the UNSPSC code for each product defined in it.
RoscttaNet has just two levels in ity taxonomy of concepls:
= RN Category. A group of products, such as Video Producrs.
= RN Product. A specific product, such as Television Card, Radio Card, cle.
RoscttaNet consists of 14 categories and around 150 products. Tigure 3 shows & small
part of the RoscettaNel classification, related to video products {for compuler cquipnient,
and table 2 presents it in its original Microsofl Tixceel lormat:

\IL -

Fig. 3. Part of the classification of video products ol the RosettaNcet taxonomy.
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RN Category Name |RN Product Name [UNSPSC Code |UNSPSC Code Name
Video Products

honitor 43172401 Manitors

Radio Card 43172105 Radic cards

Television Card 43172104 Television cards

Videno Chip 321017 Hybrid Integrated Circuits

Table 2. Source format for RoscttaNct classification of video preduets.

Tn contrast with the previous formals, the order ol conlents in this fommat is highly
relevant: the relationship between products and the category they belong o is given by
the order in which they appear in it TTence, Moniror, RadioCard. TelevisionCard and
FideoChip are products (rom category FideoProducts.

Tach product in the RoscttaNel classification has attached o TINSPSC code bul nol an
c-cligss code. This value means thal the RoscettaNet product is cquivalenl to the
corresponding TNSPSC family. class or commodily.

‘The main drawback of this taxonony is that there are only two levels of classification,
which implies that the structure of the taxonomy is very simple. Other problems are
similar to those of UNSPSC, namely, lack of attributes and design without taking into
account inheritance in the taxonomy of concepts. Finally, this classification is more
suitable in a vertical market than the others, as it is focused on the specific domain of
electronic equipment, although just offering a low level of detail in this domain.

3.4 E-commerce platiorm catalogue
We have selected a catalogue of products from an existing c-commerce platfomt thal
deals with computer equipment and is participating in the MKBEEM IST project.

‘This catalogue is structured, similarly to RosetraNet, in two kinds of elements:
categories and items. [tems correspond to actual products offered in the e-commerce
platform and have attributes {or their main
characteristics. Calegorics are groups ol
products  (items) or groups ol other
categories. They have no attribules and
are just created with the aim of grouping
x| products or other calegories. Ttems can be
classified in different calegories (due Lo
marketing PUIPOSLS, functionalily
proximity, ete). These multiple
classifications do not appear in the
standards and initiatives presented before.

The selected catalogue containg around
400 items, with 2/3 levels of depth in the
hierarchy of categories. Figure 4 shows
some elements in the catalogue. The next code presents part of them in XML, using
<Category> and <tem taps for representing categories and items. The XML file
contains also classification relationships among categories and among categories and

items. Attributes like price, model, heighi ... and their values are provided just for items.
=Category ID-70C134237  <Name=Computers</Name> . <Uategony™
=Tem IM-"AZ345 ™ = Name=(PUs=Name o tem
=leny [ID-"A443367 > = Nanw=Keyboards=/Names e lenys

Fig. 4. Some clements in the catalogue.
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=[Belongs orgin—"A234517 destination—"0" 1342372
=[Belongs orgin—"A443367 destination—"01342

=Property ID-"PA32™ < Namewprice < Numes  <Typefloal==Type> o <¥Propenys

=Value ltem—"A234517 proporty—"PAA27 val-"A1 7
Tn contrast with the previous classilications, calalogues cannot be considered as good
sources ol information for the development ol ontologies, as they are not shared by a
community nor represent any consensus. They are designed instead as classificalions ol
products and services {rom the market (mot knowledge) point of view. Tlowever,
catalogues play an importuant role in the whole ¢-business process, as they present the set
of products offered by cach e-commerce application and they are the {ront-end in the

cxchange of products in B2C and B2 environments.

4 WebPicker. Discovering and transtorming knowledge embedded in
structured information

The stundards, initiatives and catalogues presented in the previous section are expressed

in different representation formats (H1ML, XML and Microseft Excel). They must be

transformed into a common format {the XML syntax of WebODE's knowledge model)

for their integration and enrichment.

In the first step of the process of transformation the sources of information must be
analyzed. Many studies exist in the field of ontology learning where the process of
knowledee discovery is performed (semi-)automatically (|[MS00], [HS98|, |Ki00],
|ABS00]). However., instead of trying to automate the whole process, we decided to
analyze the structure of information sources manually, identifying relevant information,
and just automate the process of knowledge extraction and transformation using
WebhPicker. This decision has been made because the manual analysis is not ditficult, as
the sources of information are represented in a very restricted, structured language.

4.1 WebODE"s knowledge model.

WehODE is a workbench for onteological engineering |Ar(] that covers and gives
support to most of the activities involved in ontology development, and provides a great
range of services for ontology-based applications. lts knowledge model is extracted from
the set of intermediate representations of METHONTOLOGY [Fe99|. allowing for the
representation of concepts {and their attributes), taxonomies of concepts, disjoint and
exhaustive knowledge, ad-hoc binary relations between concepts, properties of relations,
constants, axioms and instances.

As already described before, this knowledge model has been selected as a comumon
format for information integration. This decision is partially based on the possibility of
expressing conceptual models in its ad-hoc XML svntax, so that they can be imported
later into WeHODE using its import service, which uploads them into its database and
allows their further edilion and enrichment with the WehODE s ontology edilor.

Tnn this scetion, we just focus on concepts, and their attribules, laxonontics ol concepls
and relations. The rest of components are uselul in the enrichment process.

Concepts are represented inside the tag Cenceepr. Apart from their name and
description, they can include their instance and class atlribules. with name, deseription,
type of value, minimum and maximum cardinality, measure unil and precision.

Relations are represented inside the lag Term-Relarion. They include their name,
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description, origin and destination, and cardinality.

Taxonomies arc mostly buill using the built-in celation swhefass-of. Other laxonomy
relations also existin WehODE: disjoint and exhaustive subclass partitions.

Everything that has been presenied 1o the knowledge models of standards, joint
initiatives and catalogues can be represented m the WehODE's knowledze model.

4.2 Inlormaltion iranslormaltion from disiributed sources

This subsection focuses on the process of translation of the formats presented in the
previous section, performed by WebPicker. The main conelusion that will be extracted is
that very similar processes can be applied for both standards and catalogues o extract
their celevant information, no matier what thetr scope or functionality s, This shows that
these processes are general cnough 1o be used for almost any kind of information
extraction {rom structured languages and integration into another commeon language.

In the end, the XML import service of WebODE 1s used Lo uplead the classifications
milo WehQDE, so (that we will be able to perform the necessary changes/upgrades to the
original classifications using i1s ontology cditor, rather than making changes directly 1n
IITML, XML or Microsoll Excel lormats.

UNSPSC. UNSPSC is available in HIUMIL. format (one HIMI. page per segment). We
identified relevant pieces of information from this H'TMI. code {code and deseription of
each product'service) and identified the patterns they follow, so that knowledge
extraction is automated and a first ad-hoc XMIL. is generated. The resulting XMI.
documents {once per segment) are inlegrated and transformed mte a single document thal
uses WehODE s XML syntax. WehPicker uses the Document Object Model (DOM) lor
this transformation instead of XS1L.T, because of the complexity of changes,

Step | Step 2

<Comnecpls “0uneepl=

Coderd31721 Code “Name=d 31721 < hames-

ax Audio& Visual Accossories=/Namgs <1leseription= Audiok VisualAccessorics=/ 1 eseription:

A1 72104= Cade
‘clowviston Cards=

M SDesenpioms Television Cards=y Descrptions

iCancepts =Cangopti

‘erm-Relations

s Mameihubelass-nl:
Slgin=43 1 T2
SDestinatimr=4 3172 = Destinations
<SMaxirmum-Cardinalines

= erm-Relations
The reason for this 2-siep translormaton resides i the modulanty and casy treatment
that 1l provides. Indeed. the first step just extracts the relevant mlormaton from the
[ITML pages, and creates a very simple representation, where just codes and names arc
included. In the second siep, we translorm all of them nto a single document and add the
subeclass-of relationships that can be extracted [rom their numbering codes.

e-cligss, e-cliiss 18 also available in Microsoft ixcel format. After exporting the
information to 4 text document, this document has been transformed using WebFPicker,

Relevant information consists of the numerical code of products (specified in the first
column) and two class attributes, Gesman and fonglish name, whose value is specified in
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second and third columns. Finally, we Lake care of the level attribute in the case ils value
s ™87, as we have Lo creale a subelass-of relationship between the produel and the
product whose code is specificd in the first column.

LA iTenIb b
<A

Adribules

S00-00-00= Name:

ol

camneiferman namesNwme

‘Minmun-Cardinali

Maximum-Cardmalicys
i¥alues

<hinbmwn-Cacdinality = 1= Minimum-Cardmalioy
<Maximuwm-{ acdinality: Aasimum-Cardinalicy=
wProszefleilsysiem (PLERVV
Allrihures

oncepls

aluzs

lum Relations
Suhelass of
<(Irigl T-23-00-0 :
< Destinations 2 7-00-00-00-,
“Maximuwm-Cardinality:

Destinalions
Adasimum-Cardialiny

st

<l erm-Relalions

RosettaNet. RosettaNet is represented in Microsoft Excel format. We have just exported
it to text and transtormed it into the XML syntax of WeHOQDE using WehPicker.
Extracted information from this source consists of category/product name, a class
attribute called UNSPSC code, whose value is specified in the fourth column and which
is used in the integration phase, and the taxonomy of concepts, imposed by the order and
grouping in which products appear. This leads to a 2-level classification of products.

ribule

J\‘lmunum ( a[cllnaln
airum-Cardl 1l1 k
atlues ¥

e e

-1{1:‘:) Chip=Name
= |h“:|-‘%( . Otl\. MNames

<ihinmum-Cardmalitys
Alaxamuom-Cardinaliny =

We sho“ an example of final code with a category and a product:

<(omeepls
hamerYideo ProductsNamet-
<Hloncepls

< lerm-Relations=
caneESulbelass of </ Names
uea Chip=</Origin
< ReslimationsVideo Produe
axinn-Cardinalilys={
flenm-Relations

Destinalions
éaximum-Cardinaliny =

Transforming the catalogue into the WehODE knowledge model. This task consists
of the transformation between two XML models.

The catalogue provides more relevant information than the rest of sources of information
that we have used. In fact, it provides concepts (categories and items). subclass-of
relationships (represented with the Belongs tag) and class attributes (whose description is
given inside tag Properiy and whose value is given inside tag Falue).

<(omeepls
e P e
“Dascniption:
< lass-Adtrbutes
“hanwesPrie

amets

“lass-Atiribures
<iConcepl >

23451 Dheseriplion

Minimam-Cardinaliy =

<IMasimum-Cardinalicg

<(omeepls

“NameCompulers=Names

<Deseniption= 13423 Deseriptions

<iConcepls

< erm-Relations

“Deslination: omputers Destination s
aMaximum-Cardinality =0 Maximum-Cardinalivy
fernm-Relations

Tn this case, WehPicker uses XSLT o derive the inal code rom the source code, as
transformations to be made are not so complex as the ones performed with TINSPSC.



5 Conclusion

Ontologies play a crucial role on the construction ol the Semantic Web, because they
provide a shared conceplualization of the knowledge and scrvices available on the web
in a machine-readable way, allowing the information sharing between heterogeneous
gystems. In this paper, we have put ow attention onto a specific area of the Semuntic
Web: the world of e-commaeree applications (both B2C and B2B).

We have focused on the process of automatic knowledge acquisition (KA) from
resources available on the web, ameliorating the KA bottleneck when building
ontologies from seratch, We have chosen as our sources of information several standards
and joint initiatives for the classification of products and services (built by different
organisms) and a catalogue from an e-commerce platform, and have shown that it is
possible to extract the relevant information of the sources of information by:

*  Porlorming a previous analysis of the languages in which they are represented.

*  Identifying relevant pieces of information.

*  Implementing the necessary conversion mechanisms lor transforming it into another
single restricted language/model (WebOQDE s knowledge model XMI. syntax).

Once the information has been uploaded into the WebODIE workbench, its ontology
editor allows its integration, its enrichment and its partial or global exportation into
another representation format, This issue is out of the scope of this paper,

Resulting ontologies will be useful for tasks such as product searches in e-commerce
platforms, information or product exchange in B2B platforms, catalogue creation, ete.
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