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Abstract. Determining the usefulness of domain-specific informaiiotine Se-
mantic Web is a critical operational precondition that mhestddressed in order
to realize the Semantic Web's potential. We approach thbl@mo through the
notion of distributed cognition, which emphasizes thets@n of external el-
ements in agents’ thinking processes. We concentrate oti-agant scenarios
of distributing cognition, meaning that a single externadi piece of distributed
cognition can be internalized and utilized by multiple agelVe decompose the
problem of determining information usefulness into thelylems of understand-
ing the information and subsequently determining its rhee.

1 Introduction: Distributing Cognition with Semantic Note s

Since the Semantic Web is an extension of the current Web witirmation in a
machine-accessible form, it is an environment for both huarad software agents [2,
1]. We consider the Semantic Web as a platform for both kirfidgyents to distribute
their cognition by externalizing and internalizing domajpecific pieces of information
we callSemantic Notedn this paper we consider the internalization part of disting
cognition. In particular, we concentrate on how an agentd=tarmine whether some
piece of information is useful enough to be internalizedair n

The theory of distributed cognition emphasizes the involeat of external ele-
ments in cognitive processes. The research subjects abdistd cognition have tradi-
tionally been humans, and the external elements takingrpagignitive processes have
been any entities that are outside the human brain. Exanapéebooks, calculators,
rulers, maps, other humans, and so on [4]. Releasing théta@gnad has traditionally
been identified as the main reason for distributing cogmitio

The work reported in this paper extends the scope of digaiboognition research,
since software agents in addition to human beings are seereasures distributing
their cognition. This differs from the traditional concigpt of computer involvementin
distributing cognition, where human has always been thet&ré of cognitive process-
es, and computer programs have only assisted (see for ex@BjpIThis brings about
the key difference between distributing cognition in itsditional sense and distribut-
ing cognition in the Semantic Web, which is the media throwglich the cognition is
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Fig. 1. Means of distributing cognition

distributed. In the physical world, anything conceivaldeatthinking creature can be
used for distributing cognition. In the Semantic Web, iastethe distribution media
are more restricted, as Figure 1 depicts. Human agents (Bi\Ylistribute their cogni-

tion to calculators, notebooks, tools, and so on, but soéwagents (SA) only to media
accessible from the virtual space they reside in.

In principle also software agents could use physical stinestfor distributing cog-
nition, for example by printing on paper, as depicted by theow arrow in Figure 1,
but a more typical scenario is that software agents digeitheir cognition in a digital
form. We use the terrBemantic Notéo refer to these kinds of entities. A Semantic Note
stores and transmits some meaningful piece of informasiach as a definition of some
complex concept or instructions for completing a procediire domain of informa-
tion stored in Semantic Notes is unrestricted, meaningti&mantic Note can contain
a definition of a complex concept from any area. That is why 8o Notes are de-
fined functionally as being representations of one or motiéienpotentially of use in
carrying out a domain-specific task. In the following seative limit the definitions to
cover only the Semantic Note, since it is the atomary unitistrithuting cognition in
the Semantic Web, and hence enough for our purposes. Haweeeatefinitions could
be applied to other information content, too.

2 Determining the Usefulness of a Semantic Note

A Semantic Note can be decomposed into its constituentselyastatements. State-
ments are opinions about states-of-affairs, suchites web site ’http://www.vtt.fi/tte/
proj/dynamos’ is created by Santtu Toivon€he terms in a statement can be organized
in the subject-predicate-object model of RDF, and confarmancepts in an ontology.
This kind of machine-accessibility is especially impottéor software agents. Using
RDF, the above statement could be defined as follows:

<rdf: Description rdf:about="http://ww.vtt.fi/tte/proj/dynanos/">
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<dc: creator>Santtu Toi vonen</dc: creat or >
</rdf: Description>

Of the above RDF excerpt's terms, only the predicale: (Cr eat or ) explicitly
refers to an ontology, namely that of the Dublin Core met@adftments [5]. Combin-
ing the notion of statements and the approach adopted irafigent can be said to
understand a statement found in a Semantic Note as follows:

Definition 1. An agent (a) understands a statement (s), iff all the terje(tstituting it conform
to concepts¢) found in an ontology (0), which is accessible to a:

understand&, s) < Vit : (t € s — 3¢ : (conformgt, ¢) A ¢ € o A acceséa, 0))).

We assume that one statement is either understood or notsiooe by an agent.
In principle a more specific definition could be given basedh@understanding of the
terms constituting the statement. However, for our purpasstatement is on a more
appropriate level of granularity. By applying a functiond we assign the statements
values, denoted by, as follows:

1 ifallterms ¢ € s) are understood
0 otherwise

und(s) = s, = { (1)

n,, represents the agent’s level of understanding of the Secnidate (z). Let S,
be the set of statements includedrinso thatsy, so, ..., s € n, wherek = |S,].
n, receives values between 0 and 1 based on the number of watbstatements
(Su1, Su2s ..., Sur, € n) divided by the number of all statements in the Semantic Note
(ISn]) as follows:

Sl
Ny =0 Sn=0

EX
0<ny=rg=%Y su <1  Sp#0
o1 @

Following [6], we assume that for an agent to understand aa&@mNote that an-
other agent has created or modified, the statements in iboortb an ontology known
by both agents. Based on that, we give the following definifior agents to share
knowledge via Semantic Notes:

Definition 2. A necessary condition for an agemt to share knowledge via a Semantic Note (n)
with agenta. is that n conforms to a set of ontologies (O), which is a disjiam of the ontologies
accessible ta; (O1) andas (02):

sharega., az,n) — (understand&a1,n) A understand&uz, n)).

This entails that the set of ontologie®y(2) has to be accessible to bath and
az. Notes can also be partially shared between agents. Corsigienple case with
two agents ¢; and az) and two partly overlapping ontologies;(and o3) so that
access(ay,01) andaccess(az, 02). Suppose that; has created a Semantic Note) (
which contains two statements; @nds;;). All the terms (,, t;, andt.) of s; conform
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to respective concep(®,, ¢u, ¢.) € (01 No2), and can therefore be shared between
andas. s;;, in contrast, has the termg, ¢, andty, of whicht,; conforms to a concept

¢4 ¢ 0. Because of thiss;; is not shared between the agents. Based on the number of
mutually understood statements, we can therefore conthad®0% ofr. is shared.

We define a new variable,.; for indicating the level of relevance the information
carried by a Semantic Note has. A rule-based approach igediégr determining the
information relevance. The information content, of whitle trelevance is to be de-
termined, is connected with user context via general peefsr rules specified by the
user. The user context describes some essential detail$ #itwouser’s current situa-
tion, for example her location and current activity. Botle thformation content (i.e.,
the Semantic Notes) and the user context are realized asfst&tements.

Definition 3. If there exists a termt(:,) in a statement found in the user context, as well as a
term () in a statement found in the Semantic Note so that both oétbosform to respective
concepts ¢..,») Which are navigable from the concepts.(,-2) found in the rule £), the rule

is said to be applicabler):

Ftetz : CONfOrMStetr, Peta) A Ity :
conformst,,, ¢,) A navigablé$,1, ¢ciz) A navigabldgro, ¢n) — 14

wherenavigable(x,ymeans that there exists a network of concepts and relatfms)sh
realized as one ontology or several connected ontolodias.ehables navigating be-
tweenx andy. A positive match indicates that an applicable rule is fquaslwell as
suitable values to satisfy it. Negative match means thaethrists an applicable rule,
but that the statements plugged in it do not have suitableegalln order to assign
relevance values for the Semantic Notes utilizing the apple rules, we define the
following abstract function:

1 positive match
0 negative match

app(ra) = rm = { (3)

The functionapp is realized as various concrete rules, that determine theagce
assignmenti(,,, wherem comes from “match”). The applicable rules,) as well as
the match valuery,,) are utilized in the relevance equation for Semantic NdtesR,,
be the set of applicable rules so that, ra2, ..., 7ok, Wherek = |R,|. The Semantic
Note relevancer(,..;) can receive values between 0 and 1 as the ratio betweenrthe su
of the match values,1, 7,2, ..., "mi) @nd the number of applicable rules(|):

0 Snrel =

_‘*Zrm—g1 Ro # 0 @

Nper =0 Ra:@

We define the usefulness of a Semantic Note for an agent tastarisoth un-
derstanding the note and considering it relevant. The imé&ion usefulness variable
(nyse) @lso receives values between 0 and 1, and is formalizedlas/$o

Nuse = @ * Ny + b * Nrel (5)
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where0 < ¢ +b < 1 anda,b € R™. Parametera andb in Equation 5 indicate the
weights that are assigned to the understanding &nd relevancery..;), respectively.
The emphasis on these weight parameters depends on theadippli

3 Conclusions and Future Work

We described an approach for determining information usefis in the Semantic Web
from a single agent’s point of view. Information usefulnssf®rmed based on the levels
of understandingnd context-dependeraievanceof the information. We introduced a
notion of Semantic Notéo refer to the meaningful unit of information for an agentac
ing in the Semantic Web. Determining information usefusnfesms a part of a broader
approach, namely applying the theory of distributed cagnitn the Semantic Web.
Since the Semantic Web is an environment for software ageatidition to humans to
operate, both were considered as “cognition distributors”

Among our future work is to consider various context-awdter§ with our model.
In addition to the most typical context attributes, namelgation and time, activities
and user interests associated with them could be takendotuat when evaluating the
relevance of content. Other future work includes develggirmore refined classifica-
tion of content creators—ranging from individual users ¢onmercial parties, public
administration, and virtual communities—and considethmgr impact in the informa-
tion usefulness determination. In our current impleméotateveloped in terms of the
DYNAMOS project, we have support only for dividing between service prowsderd
individual users, but we plan to extend this. We will also pagre attention to the in-
terrelationships and relative importances of variougstant kinds in Semantic Notes,
as well as to the rules that connect the Semantic Notes wéttsusurrent contexts.
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