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Abstract

Sharing and trading of information goods requires efficient and effective
means for search and evaluation of the content carried by the information
goods. The hurdle to overcome is the information paradox according to
which, information goods obtain qualities of experience goods. This article
describes an approach how ontology-based semantic annotations of infor-
mation goods might reduce this paradox. At the centre of this approach is a
generic container model called knowledge content object (KCO).

1 Introduction

The WWW can be perceived as a huge information market where supply and demand
meet. If content has sufficiently high value for actors representing the demand side, it
will generate market prices. This kind of content is generally termed "paid content" as a
special form of information goods and is viewed as a digital product ([Boll/Klas 2000;
Choi et al 1997]). [Shapiro/Varian 1999] define the term information good very broadly.
"Essentially, anything that can be digitised - encoded as a stream of bits - is informa-
tion. [....] Baseball scores, books, databases, magazines, movies, music, stock quotes,
and Web pages are all information goods". Based on the definition of [Choi et al. 1997]
anything one can send and receive over the Internet has the potential to be a digital
product. "Information is a primary example of a digital product, for example knowledge-
based goods that can be digitised and transferred over a digital network". The term
paid content is in this article used as the non-free sales and distribution of information-
based content products.

Research on the economics of information distinguishes between search products and
experience products [Bloom 1989]. Search products are goods or services for which

! Based on results of the IST-FP6 project METOKIS (http://metokis.salzburgresearch.at/) that
has been co-funded by the European Commission.
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the most essential attributes can easily be evaluated prior to a purchase and provide a
basis for an informed buying decision because consumers can verify claims before
purchase [Franke et al. 2004]. Society is very much accustomed to buying search
products such as cars, houses and computers. Experience products are goods or ser-
vices for which the cost to evaluate the most essential attributes is so high that direct
experience is often the evaluation method with the lowest costs in terms of time,
money, cognitive effort, or other resources ([Franke et al. 2004]). Because of the diffi-
culty involved in evaluating claims for experience products, consumers will be more
sceptical of claims for experience products in comparison with search products. As
Varian points out [Varian 2000], information has properties that are likely to cause diffi-
culties for market transactions: (1) experience good: information needs to be experi-
enced before you know what it is, (2) returns to scale: high fixed production costs and
almost no reproduction costs, and (3) public good: information goods are typically non-
rival and sometimes non-excludable [Varian 2000]. These three properties are the main
reasons why the traditional content industry struggles to find business models that can
be used with digital media. Hence, enrichment of information goods with semantic an-
notations evaluable by consumers provides the basis for shifting information goods into
the class of search products, which we would expect to facilitate consumers' buying
decisions.

Throughout this article we will explore the potential for paid content, of semantic anno-
tations that provide on the one hand a facility for interoperable markets for paid content
and on the other hand a means for product self-descriptions, which has strong influ-
ence on consumer buying decisions. First, we will briefly discuss application situations
from which we will derive requirements for the intended semantically annotated content
structure and the underlying technical content carrier architecture. In subsequent sec-
tions, we will introduce a semantically enriched container model (KCO). KCOs are ex-
changed over a transmission infrastructure that is based on a generic content carrier
architecture (KCCA) which enables the interoperation of heterogeneous content reposi-
tories. Finally, economic implications of this approach are discussed before we will
summarise and give an outlook on future work.

2 Knowledge intensive information goods

An analysis of several hundred existing paid content business models ([Stahl/Maass
2003]) resulted in a classification of five central elements to which digital content has to
respond during different phases of its life cycle [Maass et al 2004, Behrendt et al 2005].

1.Content descriptions: provide the propositional content that is announced by a
digital content on an abstract level.

2.Community descriptions: information about the organisational structure (roles,
rights, obligations and prohibitions) by which a content product can be used and
information that influences trust such as certificates and brand name informa-
tion.

3.Business descriptions: describes the business and legal requirements during in-
formation and negotiation phases. After a purchase, contracts will be enforced
according to mutually agreed rights and obligations.

4.Presentation descriptions: describes the presentation modes to which the infor-
mation of a content product can be adapted to by rendering and other applica-
tion-specific means.
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5.Trust and Security descriptions: content must be associated with some measure
of trust for the end user, and for the content provider, there must be some secu-
rity features which guarantee that the content will not be illegally copied or oth-
erwise misappropriated.

Based on this conceptualisation the concept of a Knowledge Content Object (KCO) in-
tends to provide a structure on the computational level that can be implemented in digi-
tal infrastructures. From the ontological viewpoint given by the foundational ontology
DOLCE+ [Masolo et al. 2003] and its extensions (a modular library called DDPO
[Gangemi et al. 2004]), a KCO is to be distinguished from the abstract concept of an in-
formation object that carries meaning on cognitive and abstract level, independent of
any technical realisation.

2.1 An Ontology of Information Objects

The main distinctions in the reused ontologies, which are imported here, include:

the topmost class is called particular (any entity)

objects (e.g. a dog) and events (e.g. a barking) belong to disjoint classes

physical (e.g. a brick) and social (e.g. a contract) objects belong to disjoint clas-
ses

attributes of particulars (e.g. a colour, or a spatio-temporal location) are repre-
sented as regions within quality spaces, with a possible associated metrics

social objects include descriptions (the public, communicable counterpart of
agents’ conceptualizations, including also plans), which can define concepts
(e.g. the role of customer), encode (or be expressed by) information objects (a
sentence, or a music chart), provide unification criteria for collections (a group
of people), etc.

concepts can be either roles played by objects, tasks executed during actions
(e.g. a door opening task), etc.

concepts from descriptions provide constraints for other particulars: if a configura-
tion of particulars satisfies those constraints, then a situation emerges that sat-
isfies the concepts’ description (typical applications of constraint unification in-
clude regulations, plans, social relationships, etc.).

The previous distinctions are supported by a large axiomatization.? Here, we concen-
trate on their application as a foundation for KCO implementation and deployment.

For example, a usage context of a content object may require us to talk about the digi-
tal reproduction of a painting that is owned by an institution, and such institution is will-
ing to commercialize the reproduction at certain conditions that include differentiation
for users, pricing, regulations to be followed, inclusion of content metadata, explana-
tions, interpretations, ways of rendering it, etc. This context is complex, and requires a
subtle differentiation of the various entity types involved in it.

According to DDPO, a content (information) transferred in any modality is a kind of so-
cial object called Information Object (10). Information objects are spatio-temporal reifi-

2 The full OWL axiomatization of DOLCE, DnS, DDPO, 10, etc. can be downloaded from:
http://dolce.semanticweb.org.
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cations of pure (abstract) information as described e.g. in Shannon’s communication
theory, hence they are assumed to be in time, and realized (materialized) by some en-
tity. Information objects are the core notion of a semiotic ontology design pattern, which
employs typical semiotic relations (c.f. [Gangemi et al. 2004]).

We present the axiomatization of KCOs in OWL abstract syntax. We firstly present the
definition of bns: information-object, which encodes the basic axioms of an ontology
of semiotics extending the basic DOLCE ontology:

Class(DnS:information-object complete
intersectionOf(
DOLCE:social-object
restriction(DnS:about allValuesFrom(DOLCE:particular))
restriction(DnS:realized-by someValuesFrom(DOLCE: information-realization))
restriction(DnS: interpreted-by allValuesFrom(Actions:agent))
restriction(DnS:expresses allValuesFrom(DnS:description))

restriction(DnS:ordered-by someValuesFrom(DnS: information-encoding-system))))

The definition says that information objects are necessarily encoded by some informa-
tion encoding system, must be realized by some particular, can express a description,
and, if that description is satisfied by a situation, can be about that situation, or some
entity in its setting and can be interpreted by agents that can conceive the description
expressed by said 10s.

For example, Barry Levinson’s movie “Wag the Dog” is an IO, it is ordered by modern
American English language (the information encoding system), is realized by, e.g., an
DivX copy, expresses a certain plot on the media industry and politics and its related
meaning, is interpreted by an agent in the role of a spectator with an average knowl-
edge on making movies and election campaigns, and it is about certain entities and
facts.

These semiotic relations constitute a typical ontology design pattern, so that any com-
position of relations can be built starting from any node in the pattern or in an applica-
tion of the pattern.

3 Semantic Modelling of Knowledge Content Objects (KCO)

The notion of a knowledge content object is based on business requirements (see sec-
tion 1), and builds upon previous approaches to multimedia and hypermedia document
models. Related work includes [Boll/Klas 2001, van Ossenbruggen 2001, Zillner et al
2004]. The strength of KCOs lies in the combination of business- and domain-specific
semantics (cf. section 1) that are tied into DDPO (cf. section 2).

Derived from the analysis of business models and paid content products, we have de-
veloped a KCO structure consisting of six facets. Several of these facets are subdi-
vided into further KCO sub-facets. At the "atomic" level, it is intended that each of the
leaf elements is associated with well-defined operational semantics, in order to enable
organisations to quickly deploy KCOs as part of their information infrastructure.
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Facets Elements Short Description
Content Multimedia How to access the content. This description in-
. Characterization cludes information about the Content Format, En-
Description ) ) .
coding, Storage Location, ... Depending on the do-
main, the Media Format Description of MPEG7° or
the content level description as defined in the
NewsML* standard are good examples of content
descriptions.
Content How to classify the content: Keywords and con-
Classification cepts assigned to the content object based on a
classification schema. Dublin Core or LOM are
such classification schemas. The ITCP thematic
thesaurus® and the ICON Class classification sys-
tem® are well known controlled vocabularies in their
domains.
Propositional What the content means. This semantic description
Description is about the subject of the Content Object and not
about the Content object itself.
Presentation Spatio-temporal How to present the content: Description of how the
. rendition content (and the Knowledge) of the KCO is pre-
Description =
; sented to users. Presentation includes the render-
Interaction-based ) . . .
rendition ing, r7end|t|on ag well as mteractlon. models. The
SMIL' standard is clearly related to this facet.
Community User task How the Content is typically used: Description of
- N Plans, Tasks, Roles and Goals in the context of a
Description User community ) .
community which uses KCOs
Usage history How the Content was used/changed: List of actions
performed with the KCO during its lifecycle
Business Negotiation protocol | How to trade the content: Business processes de-
Description Pricing scheme fine special plans (negotiation protocols) and roles

Contract information

(auctioneer, seller, buyer,...) related to some busi-
ness activity. This facet can be viewed as a spe-
cialisation of the community facet.

Trust & Security

none

How to protect the content:

Self-description

none

How to understand the KCO: Specification of the
(inner) structure of the KCO (e.g., active facets, on-
tologies used) in machine-interpretable form.

® http://www.chiariglione.org/mpeg/standards/mpeg-7/mpeg-7.htm

* http://www.newsml.org/pages/index.php

® http://www.iptc.org/NewsCodes/

6 http://www.iconclass.nl/
" http:/iwww.w3.0rg/TR/2005/REC-SMIL2-20050107/
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The first facet is what we call the content description. The KCO carries a list of media
references which are intended to point to real media files. So the collection of these
referenced media files is actually, the full intended content of the KCO. In order to
make this content accessible for machines, we provide a simple referential mechanism
to associate arbitrary logic descriptions to the media files. For this, the propositional
content facet is linked to a domain ontology which represents the universe of discourse
for all content descriptions of this KCO. We also include a facet element which allows
the use of existing classification and meta data schemes that need not necessarily be
linked to the DOLCE foundational ontology. Its purpose is to enable the migration of
media and their associated metadata into the KCO structure. This provides a basis for
ontological alignment at a later stage.

The second facet is the specification of time-based spatial presentation of, and interac-
tion with, complex content. Given some media tokens, we specify on one or more tem-
poral “tracks” which describe when the associated media data will be rendered, and
where they will be rendered (in terms of spatial arrangements). The second facet ele-
ment deals with interaction and dialogue. Here, the semantic annotation specifies
whether the presentation is entirely pre-programmed, whether it is entirely open (e.g.
web based navigation) or whether it follows some dialogue pattern where humans and
system take conversational turns in order to navigate the knowledge/information struc-
ture. This description defines one or more discourse structures that can be associated
with the content for its rendering.

The third facet, community description, describes the context in which a content can be
used. This covers three facet elements: user tasks, which are formally described by
reference to an ontology of plans and tasks; user community, which describes the
situations with corresponding roles (rights and obligations) that users would take in or-
der to manipulate or consume the content; and usage history, keeping traces of previ-
ous use in order to support workflow systems as well as collaborative filtering systems.
The latter can be achieved by keeping track of user data when the KCO is being
"touched" by that user. Depending on legal and contractual aspects of this facet, the
filtering may be more or less anonymous.

The fourth facet, business description, contains a specification of the business seman-
tics associated with the KCO. This comprises the facet element negotiation protocol
which describes the business scripts by which a contract is being negotiated. A nego-
tiation protocol is described as a DDPO plan that can be represented and processed in
OWL-DL format [Gangemi et al 2004]. The pricing scheme is used for restricting the
price policies that can be applied during the negotiation. It is grounded in DDPO as the
regulation concept. In the simple case of a fixed-price scheme, the negotiation is re-
duced to a simple over-the-counter (OTC) purchase. The pricing scheme is required for
price differentiation strategies that are defined by the seller on the basis of a differenti-
ating factor such as age, quantity discount or date of content origin (see [Stahl/Maass
2004, van Ossenbruggen et al. 2001]). The resulting contract is also a plan in the
DDPO ontology that describes the situation in which agentive roles can be taken by
agents and act by using described tasks. We distinguish between pre-existing content
and prospective content. Pre-existing content is already available at contracting time
while prospective content is produced during execution time of the contract.
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The fifth facet, trust and security, is currently deemed out of the scope of our project al-
though we acknowledge the need for inclusion of the issue, in the overall framework of
METOKIS. The framework is rounded off with the sixth facet, self-description.

The KCO model is translated into an OWL ontology, which specializes the 10 branch-
ing of DDPO foundational ontology (ref. [Behrendt et al. 2005]).

4 Electronic Markets based on KCCA enabled infrastructures

In order to make use of the semantic richness that can be expressed with KCOs we
need an infrastructure whose components support the functionality afforded by the
KCO. The Knowledge Content Carrier Architecture (KCCA) does this in the shape of
services which are logically clustered by KCCA's components arranged in a 3-tier ar-
chitecture. This gives rise to the following structural core components: (1) KCO Service
API - offering the functions described by the facets in table 1, (2) KCCA Registry and
Manager - managing a federation of KCO-aware nodes, (3) KCTP Service - a protocol
to exchange service requests across KCCA nodes and (4) KCCA Profiles - Services for
the wrapping and integration of data sources.

One of the assumptions of our work is that eventually, most information systems will
make use of two further components: firstly, reasoning services based on ontologies
and secondly, a task execution environment that will support the definition and execu-
tion of flexible workflows. KCOs are designed to support such an architecture through
their content description (this is where reasoning services can access the KCO) and
through their community description (describing the tasks for which this KCO is useful
and the roles of actors that would do the tasks).

We envisage future publishing environments to use an integrated framework consisting
of the components described. This will leave the application builder to focus on applica-
tion and domain specific adaptations, and on the tailoring of the presentation
finteraction layer to the needs of the customer.

The following architectural overview shows the full picture combining KCCA compo-
nents, reasoning and task execution environment, as well as domain specific adapta-
tions and the application layer.

Applications / Interaction layar

‘ GUI |

|_I KCO API Eny., API API extensions H
KGO Sarvicas KGCA Bervicas
Propositional Business KCCA Domain-specific
content semantics Re gistry Services
Community Presentation KCCA Applic-spec.,
description description Manager Services
i) 5
"eas Soning Task Services KCTP Resource
Bervices Integration 8.
Reasaoning Vel
Ergine Execution

Fig. 1: Knowledge Content Carrier Architecture (KCCA).
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The KCO services offer access to the operational semantics of the KCO facets. The
KCCA Registry and Manager component keeps track of how a federation of KCO
aware information systems is set up. The KCCA environment keeps information about
information sources, wrappers and maintains state in user sessions that may span re-
quests and transactions across the federation. The KCTP Services define a stateful
protocol® that allows communication between KCCA nodes by exchanging serialised
RDF graphs. The KCCA Integration Services give assistance in binding non-KCCA re-
sources to a KCO aware system. This is done by a two-stage mapping process. The
external information source is first mapped into an equivalent RDF schema which we
call "context profile". This can be a "naive" mapping to RDF. Next, a view is defined
over the context profile and this view is made KCO compliant ("view profile"). The pro-
vider of an external information source needs to write a wrapper which provides the
context profile for the resource. The KCCA integrator uses the context profile to create
the view profile.

5 Economic implications

From an economic point of view five hypotheses can be derived from the KCO carrier
model for information goods: (1) reduction of transaction costs, (2) increase of per-
ceived value of high-quality information goods, (3) increased competition in markets for
information goods and induced price reduction, (4) reduction of operational costs by
reuse of knowledge, and (5) positive influence on the consumer’'s decision making.
These hypotheses are discussed in turn.

KCO-contained information goods are designed to be shared and traded by electronic
markets because they can leverage the standardised format of KCOs. Any kind of in-
formation good is wrapped into a homogeneous format that can be carried by any
KCTP-supporting infrastructure. Facet information can be perceived as plug-ins deliv-
ered by providers. The facet information provided can be used by consumers of elec-
tronic markets to reduce their information costs [Bakos 1991, Malone 1987].

As a consequence of the first hypothesis, users will be able to evaluate the value of in-
formation goods for less cost which should increase the diffusion and adoption particu-
larly of complex information goods [Maass/Stahl 2006]. In general it can be assumed
that high-quality information goods will extend their reach and life time, i.e. increase of
revenue for paid contents.

If semantically annotated information goods reduce transaction costs and increase their
reach, the size of markets should increase, too. Because KCO-contained information
goods provide a modular but sufficiently complete structure, consumers gain improved
means for product comparison. Obviously, providers will reduce this effect by differen-
tiation of their provided semantic information. Commoditised information goods, such
as stock or weather information, are likely to become target of intensified competition
[Bakos 1991, Malone 1987].

If hypotheses 1 to 3 will hold, then it can be assumed that consumers will be more will-
ing to use electronic markets as knowledge channels, i.e., they outsource knowledge
competencies to external providers. Organising and archiving knowledge coded in in-
formation sources is handed over to external services if it is more effective and efficient

® The protocol is FIPA-based and can be implemented on top of SOAP or http.
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than internal provisioning [Apostolou et al. 2005]. Container models, such as KCO, en-
able this outsourcing process for complex information goods. This process starts with
simple information goods such as bookmarks (e.g. del.icio.us or shadows.com), pic-
tures (flickr.com, bubbleshare.com), videos (videoegg.com and jumpcut.com), feeds
(feedblendr.com), wikis, blogs and email conversations (9cays.com) but started even
with complex information goods such as software repositories (sourceforge.net, col-
lab.net).

Finally, recent results in researching consumer behaviour indicate that information
given by electronic recommender systems positively influence consumers' decision to
buy a particular good and furthermore reduce the amount of alternative goods consid-
ered [Haubl/Murray 2006]. In particular facets 1 to 5 contain information which is likely
to be used by consumers for making their decision. However, empirical tests will be re-
quired to evaluate this hypothesis.

6 Summary and open issues

We have discussed how information goods can be semantically described by and in-
cluded into a KCO container model. Other approaches such as Adobe’s XMP? follow
similar goals. It is most likely that several other architectures will appear before a solu-
tion is accepted by a large audience. The KCO/KCCA approach paves the ground and
explores application areas and technological solutions.

In the future we will investigate how KCO-embedded information goods can be used to
generate new kinds of information goods. This can be either done manually as part of
an editorial process or automatically based on plans and situations. For instance, new
information goods can be aggregated based on user preferences, willingness-to-pay or
user locations to name a few. How and by which means KCO facet information can be
processed is part of future research.
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