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Abstract. The European FP7 research project m:Ciudad - aopwis of
ubiquitous services - aims at the empowerment efsut create services on
mobile terminals. The project demonstrates variscenarios in which users
either act as creator of services or interact Withsystem to search for services
or service construction components. The searchrez@inmendation process in
the system facilitates retrieval of related entitend shows the results to the
users according to their preference and contexifarmation. The paper
demonstrates an approach to integrate contextfahiation with other search
attributes to enable efficient service retrievatl ascommendation in mobile
user and application scenarios. The specificsrbhile environment are taken
into consideration and are reflected in the desijthe m:Ciudad Search and
Recommendation Engine. We discuss how context-awaseand proactivity
can be implemented and utilised for mobile services

Keywords: recommendations, mobile services, proactivity, mdad, user-
generated services

1 Introduction

Nowadays digital information of any type is avai@ht any given time and at almost
any given place. At the same time the amount ofegged digital information is
growing tremendously. The amount of digital infotroa in 2006 was estimated to be
161 billion gigabytes which is about 3 million timéhe information of all the books
ever written [1]. By 2011 the amount is estimatede 10 times the size it was in
2006 [2]. An unlimited access to an apparent esdéaount of digital information
demands for highly efficient search mechanisms Whiocorporate as much
information about the user as possible. Howevess@wlized search mechanisms are
not sufficient to tackle the issue of informatiovedlow. Personalized and context-
aware recommendations are therefore a crucialrféctdiscover not only the sought-
after information but to provide information beyowtiat is currently being requested
by the user.
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The search and recommendation engine build in theopean funded project
m:Ciudad [3] takes the requirements for future algey tools described in the
paragraph above into account. In the following mdaid as a whole and its search
and recommendation engine in particular are desdribThe search and
recommendation engine focuses on how context irdtiom of mobile users is
incorporated in the search and recommendation psese

This paper discusses, how m:Ciudad can deal widrge number of short-lived
services, and how ontology-based metadata can lbe us evaluate services
according to their relevance. In the end an outlisogrovided which describes how
the proposed mechanisms can be evaluated and egtenéuture work.

2 Them:Ciudad Architecture

The goal of m:Ciudad is to enable mobile usersraate services on the mobile
device by combining existing service elements. dhligon users will be able to
provide data for a service, i.e. participating imalti-provider scenario or using
content provided by a service. For all three sdemaa user needs to become a
member of the m:Ciudad community by installing th&€iudad bundle on the mobile
device.
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Fig. 1. m:Ciudad Architecture

The architecture of m:Ciudad (see fig. 1) consaftsa server part, the m:Ciudad
framework and an embedded platform which residethemmobile device. Due to the
limited bandwidth and processing power of mobilevides data storage and
processing is conducted on the server side. The mmgortant components on the
server-side are the Service Warehouse, the Knoel&tlgrehouse, and the Search
and Recommendation Engine. Information about teated services is stored in the
Service Warehouse and the Knowledge Warehouse adegerational information
about the service is stored in the Service Warehamsl meta information about the
service is stored in the Knowledge Warehouse. odling search requests and for
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the provision of proactive recommendations the eand Recommendation Engine
requests information from the Service Warehousethadknowledge Warehouse. On
the mobile device the Service Execution Environnmgmésponsible for downloading
and running services. Services are created in #hgic® Creation Toolkit. In the

following a more detailed description of the difat components is provided.

2.1 TheService Creation Toolkit

The Service Creation Toolkit enables the user ¢ater services. Two approaches for
service creation are investigated. On the one hargliestion-based approach is
analysed. In this scenario the user is asked quessiind depending on the answers
the service elements are recommended to the usehnical details of the service
creation is transparent for the user. The bloclebaapproach is another approach
which is evaluated in the m:Ciudad project. Sendoeation is based on the logical
connections of autonomous black boxes which ark-tagel parts of a service. It will
also feature the annotation of services, which at@red in the Knowledge
Warehouse.

2.2  The Service Execution Environment

The Service Execution Environment is the core efninCiudad Embedded Platform
and resides on the mobile device. Its main funct®mno handle the execution of
services. Furthermore it interacts with the Servigeeation Toolkit and enables
testing of new services on the mobile device befatdishing them.

2.3 The Service Warehouse

The Service Warehouse is the module in the m:Cidgtadnework which acts as a
repository of services and interacts and commuegcatith several modules both in
the Embedded Platform and in the m:Ciudad Framewodpending on the role of
the user, different data is retrieved from the &erWarehouse. In case the user acts
as creator of a service, service templates are kbaad from the Service
Warehouse. A user interested in providing dataafoexisting service downloads the
full service code from the Service Warehouse. lnal user acting as consumer of a
service is provided with the User ID of the useyiding the service.

24  TheKnowledge Warehouse

The Knowledge Warehouse is focused on describimgices using semantically
enriched data. It facilitates search and discowefyservices for the m:Ciudad
community. This component will be used as a parttld global m:Ciudad
architecture in collaboration with the Search amtdnmendation Engine to support
the service discovery, selection, and creation. Khewledge Warehouse resides on
the server side and is linked to different typesonfologies to represent domain
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knowledge in different applications. The domainabogies specify common concepts
and their relationships in the domains of applaratfor m:Ciudad (e.g. tourism,
traffic, entertainment). However, searching theteots is not the main target in
Knowledge Warehouse design. The services and dsraea only annotated in a way
that supports finding relevant services based &ardnt search criteria. This will be
done in cooperation with the Service Warehouseth@®&earch and Recommendation
Engine.

3 Them:Ciudad Search and Recommendation Engine

The m:Ciudad Search and Recommendation Engine ($&BMEprises a new way for
formulating queries, which are used both for seamati recommendation scenarios.
Moreover, it supports filtering and ranking based ontology-based service
descriptions. For the ranking and also for pro&ctecommendations the specifics of
the mobile environment are leveraged to boost thality of search and
recommendation results.

3.1 Query Formulation

In m:Ciudad, there are different sources of infaiorathat can be leveraged for
searches or proactive recommendations:

— Search items/ keywords. These are terms that are defined by the usea@nthe
only parameters that are explicitly defined by teer. The information is
submitted as the user requests information fronsyiseem.

— Context information: This information is submitted automatically bytmobile
device itself. The information includes for exam@®S location, the current
time, etc.

— Profile data: The user profile information is stored on thevsesside. It is
referred to whenever a user submits a query. Ftim@ation purposes this
information is only transmitted if it deviates fraime general user profile of the
user.

The unique ID of the user is also sent to the systkong with the other parameters.

The search mechanism is different from “classicirapches that rely on a set of
search terms. We use the concept of “query exteh$®] to expand the query by
adding user-related and contextual information .ty means, we want to achieve a
higher quality of search results and provide a geabzed and context-aware search
mechanism.

For recommendations, there are no explicit seawhd. However, there is profile
information from the users and contextual data ssnthe mobile terminal. The
definition of the query is sufficient for both “guland “push” recommendations. For
“push” recommendations, a background service caoatim monitors the user’s
current situation and provides proactive recommgonds when a certain “threshold
of change” is reached. For “pull” recommendatidhs, process is similar to a search
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without any search terms. In this case, the resukssuggested by the system based
on detected user interests and preferences.
In the following, we consider a query tetrto be the atomic part of a search query

g
g= (tl,'[z,...,tn)

Def. 1. Definition of the Query Formulation
Furthermore, we define a query teIrinas following:

t, =(c,nv,w)

Def. 2. Definition of a search term

— C = category of the query term; i.e “keyword”, “contémformation”, or for
service creation a “input/output block”

— N =unique name of the query term within a categoryhiwita single query;
(e.g. “name” for the name of a user, or “name”tesriame of the service)

— V =value of the parameter (e.g. the actual name ofusber, his current
location, the actual search term, etc.)

— W =weight of the query term within the query

As the query formulation shows, also requests fthenService Creation Toolkit can

be handled by this generic query formulation. Thtegory can be used to describe,
whether the given search term is associated tajaut ior to an output block. The

weight of the query term can be defined by the ,usercan be determined by the
system. A more detailed description on how thesighte are actually defined and

used, is provided in the following. When a querjoisnulated, weights are allocated
to the different query terms. This could be donplieily by users in an advanced

search interface or implicitly. Some basic consatiens are listed below:

— Search terms: If search terms are defined, i.e. we have anshsearch and not a
proactive recommendation, they should have a rétigr weight.

— User profile information: a profile can contain the interest of a user,daoking
and football. Users can define weights for différd@ems in their user profile,
i.e. cooking~> 0.3 and footbal®> 0.5 specifies that a user is more interested in
services about football than cooking. When exeguéirquery, the user profile
information is matched tthe other query termi& order to re-rank the profile
information according to their relevance.

— Context information: In the following we only elaborate on locationdagate /
time. We will consider these aspects in the desigd the latter prototype
development. However, context data could includeenemmplex information
such as the mood of the user and environment \lasiabhe very generic query
formulation as shown above also allows for sucimages.

o Location: The handling of locations is depending on whetheservice is
location-based or not. If a service is locationdshsanother important
question is, whether this information is used akaad criteria, i.e. the
specified location MUST be within a certain range, whether it is a
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parameter that should be used for the ranking tffirst case, we assume
the weight for location to be 1.0, i.e. it will biege most important parameter
for selection; if a service is not within the sgiex range, it will not be
selected.

o Date/time: The handling of date and time is depending ontlgrea service
is time-dependent or not. If a service is time-dej@mt, another important
question is, whether this information is used akaad criteria, i.e. the
specified timestamp MUST be within a certain rara@geyhether it is used as
a soft criteria and thus a parameter that shoulddeel for the ranking. For
the first case, we assume the weight for locatiobe 1.0, i.e. it will be the
most important parameter for the selection; if avise is not within the
specified time range, it will not be selected.

In the following an example of a query is provid@duser enters the terms “cooking”
and “football” and assigns the weight 0.3 to cogkémd 0.5 to football. The resulting
query <t,t> looks as follows. For;tcategory = keyword, name is empty, value =
cooking and weight = 0.3. Fordategory = keyword, name is empty, value = football
and weight = 0.5.

Overall, there is a need to re-process these weter the different query terms
have been transferred to their ontological repreagiems. We need to re-calcaculate
the weights of search terms with respect to thaevance to the other terms in the
guery. Sections 3.3 and 3.4 describe, how a qugpyoicessed.

3.2  Creating the Search Index

To allow for an effective and fast search, we needinfrastructure that holds
references to services according to some clasificaFor our scenario, where we
have potentially millions of services, we cannoteu the whole semantic
infrastructure upon every search request. Thereferaeed to build a search index.

This is the basic data structure that allows feas filtering. First, all query terms
have to be transformed into an ontological repriediem. Querying for an ontological
representation results in a list of service refeesnthat match the given ontological
representation of query(see definition 3).

f(041s-+0g0) I = (Sy;--+S)

Def. 3. Definition for mapping ontology representationdiso of service instances

For the fast and efficient access to service mata, dve hook into the lifecycle events
of services in order to create a search index. 3éégch index maps the generic meta
data description structure to service instance® @&neric meta data description
structure comprises a set of ontology classes lthae been used throughout the
description of the service. When a service is egkatll possible combinations of
ontological representations will be mapped to tbaccete service reference. For
instance, a user creates a service named Foodbalhvs about the best cooking
recepies for watching a football match. The mostiais ontological representation
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for the service Foodball in the search index wédl ®R, = {football, cooking} (see
fig. 2). OR stands for ontological representatidowever, since football and cooking
are part of an ontology, the different super-clagsfeg~ootball and Cooking have to be
considered as well for referencing this service.

S, ={,football”, ,cooking“}

OR; = { Football, Cooking }
OR, = { Sports, Cooking }
OR; = { Football }

OR, = { Cooking }

1 o4
1 o3 1 1
2 02 2 1
2 o3 3 1
3 o4 4 1
4 o3

Fig. 2. Search Index Creation

The different ontology representations are createdording to the inheritance
hierarchy of the respective concepts. The ontologpresentation includes all the
references to the contained ontologies (usuallyR& Yin fig. 2: o1, 02, etc.). Each
service will be mapped to the ontology represemtatiwhich can describe it. In
accordance to how many generalization steps haee bwde, the weight of this
representation can be adapted and saved with finesentation in the search index,
i.e. the more generalization steps have been mihdeJower the weight of the
respective ontology representation. For instand®, i©not as precise as @Rind so
on. Many different services can be found accordmghe ontology representations.
The weight of a given ontology representation agwise id pair can be used to pre-
select appropriate service instances accordinge tveight. Though we have high
costs on the server-side for creating a servicekeap the costs low for the search
and recommendation scenarios on mobile devicesyeasare able to filter from
millions of services to few of them.

3.3 Filtering

From a process point of view the filtering can lesatibed as follows (see fig. 3). The
filtering is triggered with a query and starts thatching of each search term. Having
ontologies for each search term an overall ontohigiepresentation of the query can
be built. This ontological representation is usedjuery the instance space where
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each service instance is matched to an ontologégaksentation. At this stage, two
types of results are possible: either a list ofiserinstances is found which match the
ontological representation of the query. In thisecéhe filtering process ends; Or no
services instances are found so that the instaaf@echas to be queried again with a
reduced ontology set. Reduction is conducted byoxémg the term which has the
lowest weight.

Search term
representations
as ontologies

Query
received

Ontology
repesentation

of query

Service No Service Reduce set of
instances ontology

found representations
S

instances
found

Fig. 3. Filtering in m:Ciudad

The filtering process described in previous sestiorainly aims at the discovery of
service instances which match the overall sear@nyquror some use cases we need
to extend this mechanism with item-based evaluattbat have even to be performed
throughout the filtering.

For instance, a service might not be valid anymarehe user might not have
access rights to the service. Another examplessraice which provides information
that is outside the physical range of the user.

As these interpretations already contain some rmnddion which are needed
throughout the ranking, these intermediate reslitauld be cached for the ranking
later on. Depending on the search scenarios we (has@tion-based, time-dependent
search, etc.), we need a configuration which deesriwhich parameters should be
evaluated throughout filtering.

For all the different aspects that need an evalnatihile filtering, this information
needs also to be included in the table that mapslagy representations to service
ids. For time-dependent search there could be d@iti@ual attribute that can be
queried throughout the filtering.
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34 Ranking

The ranking function (see def. 4) is a combinatiérweights of the different search
terms and implicit and explicit user feedback.

r(d.) = r(t)+y0(s)+ I (or,) +e T(inst,) + 4 1 (ext,)

' Def. 4. Definition of the ranking function

- l’(GB) Overall ranking result of a service which was returned as a result for
query q .

—r( 5/ Evaluation of the search terfp

— 1(S), Feedback about service

— r(or), Feedback about service description of sendcavhich is represented
via its different ontologies

— r(inst), Feedback about how often servigavas installed

— r(ext), Feedback about how often servigewas extended to a new service

— y,0,&,¢ , Parameters to emphasize or reduce relevancenofida terms of
ranking equation

At first the search terms of query are considered in the ranking function. The
sum » r(t,) describes the overall evaluation of the differesarsh termd; . Each
search term is evaluated by its assigned weight adtditional parameters. For
instance search teri) specifies that the desired services should prowifigmation
not older than an hour. If the services meets this requirement the Boolean
parameter 1 is assigned, if the servisesloes not meet this requirement the Boolean
parameter 0 is assigneﬂ(ti) in this particular example equals 1 multiplied wilie
weight assigned to termhy for the first case and 0 in case servieedoes not meet
the requirement. Hence& r(t;) adds the different evaluations of each search term
ti of query 9. r(s) represents the feedback about the service provigethe
users. Here, different aspects of feedback areidemesl, e.g. collaborative or hybrid
mechanismsr(or) is feedback about the description of the senviee,whether it
was helpful. r(inst) and r(ext) are statistical parameters obtained from the
Knowledge Warehousey, d,&,¢ enable a variation of the relevance of different
terms of the ranking function and thus, a variatdérorder of services in the result
list.

Since the list of service instances is a list ofotoygical representations that
matches the ontological representation of the beqruery, weights of the search
terms can be directly used to evaluate the ovesaalking of the service instance.
Furthermore, parametery, 0, £, have to be adjusted in relation to the user role.
For instance, if the user searches for servicegdasumption, will be assigned a
higher value thery . In the reverse conclusiog, is assigned a higher value, if the
user acts as services creator.
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3.5  Enabling Proactivity in a Mobile Environment

The m:Ciudad bundle on the Mobile Embedded Platforciudes a browser, which
can be used to access to the Search and RecomimenBatgine specific URL in
order to get the Search and Recommendation Engaie page; when this page is
rendered in the user terminal, the user fills Irtted parameters (s)he wants to include
in the request and then clicks on the “Search”dsutivhich sends a request to the
Search and Recommendation Engine. However, befiserequest is really issued,
the following information has to be accessed awtuded in the request:

— User ID: The unique user ID to identify the current user
— Context information: All capability information by the current devidgesp.
locatiort; time can be determined in the backend automagjcal

The User ID will be part of the user configuratamd will be read from the m:Ciudad
configuration file but the context information hde be requested from the
Capabilities Manager which is accessed througtstgreice Execution Environment.

As the search terms and the user profile data eaedited within the Search
Client, these should not be provided by the Ser@gecution Environment. The
listed information above will be part of an HTTRs®n, so the Search Client can use
it to load the user profile data from the Servicaréhouse (in case of the user ID) and
to weigh context data according to their importance

To enable proactivity in the Search & Recommendatiengine, the Service
Execution Environment should also permanently g Search & Recommendation
Engine for proactive recommendations, as the Se&rdRecommendation Engine
cannot directly address a mobile client withoubpriequest. In this case the same
data should be transmitted as with the search stgéeresponse should indicate,
whether there are recommendations for the useotor n

In order to keep the user effort as small as ptesstbe intervals for pushing
information from the Search and Recommendation iinghould be quite large. As
the Search and Recommendation Engine can keepdfadkother parameters all by
itself, it only needs to be notified for locatiohanges. For the implementation of the
prototype we consider an interval of 5 minutesécappropriate for this purpose. The
option should be investigated, whether the molgieick can determine a certain kind
of variation threshold for the parameters locataond time. According to that, an
update request would be initiated, whenever a icedaviation of the previous
location or time has been reached.

An efficient searching interaction between a userd athe Search and
Recommendation Engine will result in a service beselected for installation and
execution on the mobile terminal. At this stageesviinteraction between the Search
Client and the Service Execution Environment wél fequired in order to pass the
Service ID of the selected service from the Sealibnt to the Service Execution
Environment; from then on the Service Execution iEmment will launch the

1 The option to include information from the netwgmioviders about the current location will
be analyzed throughout the implementation of th@indad prototype.
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process of downloading the service from the SerViaehouse and installing it in
the terminal.

Figure 4 depicts the main interactions betweenSéarch Client and the Service
Execution Environment.

™
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Fig. 4. Interaction between User, the Search and Recomriiendengine, and the Service
Execution Environment

4  AnlInstance Scenario

A group of friends is having dinner and spontangodscides to go out afterwards.
One of the friends, a member of the m:Ciudad conitpustarts looking for a service
which provides information about cool events. Hecifies via an advanced search
interface, that the service has to provide inforamafor events that are taking place in
a time range of 5 minutes from now. Furthermore, $iearch and Recommendation
Engine knows from the user’s profile that he likRsck music. Thus, the system
starts looking for services that provide informatabout events which include Rock
music. Having found a list of services which matieé different criteria, the filtering
process removes all services which provide infoimnatibout events in cities other
than the user is in. The ranking function furtherengives a higher rate to Rock
events than to other events. Having filtered améted the services the Top 5 services
are returned to the user. Figure 5 shows, how dhery can be specified on the
mobile phone.
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Personal Data  Simple Search A
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Fig. 5. Sample Screenshot of the Advanced Search Interface

5 Redated Work

In recent attempts context-aware recommender sgsteame been combined with
ontologies to further improve the recommendatiorallging semantics to the context.
For instance, description of a meeting situatioacsffed in terms of location, time
and people can be extended with a qualitative, -téghl description such as
“Important Work Meeting”, “With Friends”. In adddn, the mobile service
description itself can be extended by a servicesctamtology/taxonomy describing a
service as “Real-time Communication Service”, “Et#imment Service”, “Messaging
Service”, etc. In other words, service and itenr@spntation can be extended across
multiple dimensions and taxonomies. Using ontolsgithe quality of content
description is notably improved for machine progessand reasoning purposes.
Domain ontologies enable semantic matching of dbjemd profiles instead of a
simple keyword-based matching or comparison ofasyff].

In m:Ciudad framework, contextual information sua$ “location” or “current
available bandwidth” is subject to constant ancckjhanges. Implementation of a
context-based recommendation system in a mobildéra@ment is particularly
difficult. In the following some of the differentpproaches of context-based
recommender systems in a mobile environment arerithesl.

Woerndl et al. [6] describe recommendation of mmbipplications to users based
on what other users have installed in a similatextn A hybrid recommender system
is created by letting the user select between akwentent-based or collaborative
filtering components. In addition, a rule-based mledusing information on point-of-
interest information in the vicinity of the user psovided. By this means context-
dependent information can be recommended to the, @sg. services of “Real
Madrid” can be proposed to the user when he walkhé vicinity of the Bernabeu
stadium.
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Chen [7] discusses a context-aware recommendatgiar that predicts the user’'s
preferences on past experiences of like-mindedsuseftourist activities” domain.
For instance, a user seeks recommendations viabdemtevice for activities in the
relation to the current weather, location and tlangg companions. The
recommendation engine suggests activities whiclilaimsers have done in a similar
context. In comparison to the traditional approactiescribed above, this approach
defines a context similarity measure and inclutl@sthe collaborative filtering rating
equation, i.e. a collaborative filtering system dembined with context-aware
recommendation.

Van Setten et al. [8] describe a context-awaremegendation engine for mobile
tourist applications which uses ontologies. In thapproach a hybrid system is
constructed by combining a recommender system andntext-aware system. At
first, the context item “location” is used as adhariterion to select relevant services
that are in the vicinity of the user. Then, thediceed interest of the user is used as
soft criterion to order the remaining services. lRexis are triggered either by the user
himself or by a detected change of context. Foramse, the systems provides pro-
active recommendations, e.g. nearby buildings, tmsddr other buildings, depending
on the location and the profile of the user. Theoremendations are adapted
automatically if the context of the user changes, if the sensors of the mobile
device detects an increase of the user’'s spee@piplecation assumes that the user is
driving and increases the radius of the area fowigng recommendations. For the
service description, the semantic web technologées] in particular OWL, are
applied to create additional annotations of sereilegnents, e.g. service type, inputs,
outputs which have to be filled in by the servicevider.

Zhou et al. [9] developed a recommendation systemiciwis based on user
preference, situation context, and capability ceinfer supporting context-aware
media recommendation for smart phones. They definlecommendation model for
dealing with a wide variety of recommendations. Thedel provides multimedia
recommendations over multiple dimensions to gemeratltidimensional output.
Context is represented via ontology-based conteodets which include the user’s
media preferences. For the evaluation of the recendations three different
approaches are combined, namely content-basedsBayelassifier, and a rule-based
approach. The content-based approach measuresntiterisy between a media item
and the preference of the user then the Baysiassiiiler calculates the probability of
the item belonging to the situation context, fipadl weighted linear combination of
the subscores is applied to calculate the overales

6 Conclusionsand Outlook

This paper discusses how proactive and contexteavemmommendations are applied
to mobile services in the m:Ciudad Search & Reconuagon Engine. Ontologies
are used to describe services, users, situatiodsttair domain knowledge. The
ontology-based data representations are used as b#sis for search and
recommendation. The approach for the query forrariat generic and can be used
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in different service usage scenarios (service eatservice provision, "plain”
service usage). Moreover, it serves as internad daucture for both searches and
recommendations. The ranking takes specifics ofrtbbile system into account, e.g.,
it uses the number of service installations toneetihe ranking. Proactivity is enabled
by a triggered request for proactive recommendatfoym the mobile client.

M:Ciudad somewhat differs from the other approadhesimilar domains, as it
directly addresses a potentially huge number ofices and features a filtering
method, which allows for highly scalable filterin§millions of services.

Overall, the depicted approach can be used to deratiy classify and describe
different types of services, items, etc. acrosshiker of a single application. The
query formulation is generic and can be adapteattier domains and applications; it
is not strictly bound to mobile platforms. Neveltdss, the specifics of a mobile
environment are taken into account, and are coregiderhile ranking the different
service instances and enabling proactive recomntiemgan such an environment.

Future work will focus on using the semantics pded by the ontology
infrastructure to derive facts from probabilistieasures taken from the user feedback
and also the reasoning mechanisms. Moreover, blyzng the historical data of
searches and recommendations, optimization canebedd and reified in the
ontology representations, in order to boost thefoperance of searches and
recommendations.

In the m:Ciudad project, the Search & Recommendatiengine will be
implemented throughout the next steps. A prelimyirset of domain ontologies has
been created or reused from existing ontologiesh sis FOAF [10] and SKOS [11].
The prototype will be also evaluated against commetrics such as precision, recall
and fall-out.
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