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Abstract

SMARTMUSEUM (Cultural Heritage Knowledge Exchange Platform) is a Research and Development project sponsored under the
Europeans Commission’s 7th Framework. The overall objective of the project is to develop a platform for innovative services
enhancing on-site personalized access to digital cultural heritage through adaptive and privacy preserving user profiling. Using on-site
knowledge databases, global digital libraries and visitors’ experiential knowledge, the platform makes possible the creation of
innovative multilingual services for increasing interaction between visitors and cultural heritage objects in a future smart museum
environment, taking full benefit of digitized cultural information.

This deliverable presents a semantic recommender method and a system for a personalized access to digital cultural heritage
through context-aware user profiling. Given annotation knowledge-bases, explicit background knowledge in the form of ontologies, a
user model capturing the user’s behavior and context, the system produces recommendations. Ontology-based user profiling can be
used to reduce cold-start, sparsity and over-specialization problems. In addition, we present a recommendation retrieval method that
is based on the vector space model and clustering, and uses indices that enable fast and scalable implementation of the system.
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Executive Summary

This deliverable presents a semantic recommend#ratieand a system for a personalized
access to digital cultural heritage through contexére user profiling. Given annotation
knowledge-bases, explicit background knowledgehm form of ontologies, a user model
capturing the user’s behavior and context, theesygiroduces recommendations. Ontology-
based user profiling can be used to reduce cottl-ssparsity and over-specialization
problems. In addition, we present a recommendatdmeval method that is based on the
vector space model and clustering, and uses indibes enable fast and scalable
implementation of the system. This deliverableasdad on the following publication:

Tuukka Ruotsalo, Eetu Makela, Tomi Kauppinen, Bg¢ygonen, Krister Haav, Ville Rantala,
Matias Frosterus, Nima Dokoohaki and Mihhail MatskEmartmuseum: Personalized
Context-aware Access to Digital Cultural Heritageoceedings of the International
Conferences on Digital Libraries and the Semant&b\®009 (ICSD2009), September, 2009.
Trento, Italy.
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1 Introduction

The purpose of this section is to introduce the:

SMARTMUSEUM Project
Purpose, scope and context of this deliverable
Intended audience for the deliverable

1.1 SMARTMUSEUM Project

SMARTMUSEUM (Cultural Heritage Knowledge Exchang&atfrm) is a Research and
Development project sponsored under the Europeamsn@ssion’s 7th Framework. The
overall objective of the project is to develop atfdrm for innovative services enhancing on-
site personalised access to digital cultural hgeitthrough adaptive and privacy preserving
user profiling. Using on-site knowledge databasglepal digital libraries and visitors’
experiential knowledge, the platform makes possibée creation of innovative multilingual
services for increasing interaction between visitand cultural heritage objects in a future
smart museum environment, taking full benefit gjiized cultural information.

The SMARTMUSEUM project supports achieving theduoling general goals:

» Lowering costs of on-site access to digital aalkineritage content,

* Improving structured, user behaviour and prefeeedependent on-site access to the vast
repository of cultural heritage,

* Improving the individual and shared experiencespe receive from cultural and scientific
resources,

* Bringing personalised cultural experience cldeaton-expert communities,

» Making real reuse of personal experiences relateaxlltural heritage access for a variety of
interest groups.

1.2 Deliverable purpose, scope and context

The purpose of this deliverable D4.3 is to preskmhonstrator for final web services for
recommendation and describe the technical funditgrat the services.

1.3 Audience

The intended audience includes:
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Primarily SMARTMUSEUM Partners involved in developithe user application
software for mobile device(s) including graphicakufront end programming.
Project partners involved in SMARTMUSEUM WP4
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2 Smartmuseum Recommender System

2.1 Recommender System Requirements

Digital cultural heritage collections contain mutyanterrelated data that are provided
for users through digital libraries. Semantic wethinologies have enabled semantically
interlinking of such collections [25, 14] and mamessible to not only search individual
collections, but also to browse, visualize and new®nd objects across heterogeneous
collections.

Recently, ubiquitous systems have gained populant/we are witnessing an increasing
number of users accessing web-based digital servsi®@g mobile devices. This opens up
new possibilities for digital libraries that pregerescriptions of physical collections, such as
museum databases, archaeological archives angttmfdrmation catalogues. In addition to
digital access to catalogued content, ubiquitossesys can guide the users to find objects in
physical environments.

Recommender systems are able to assist the uBed twontents that are likely of interest for
the user [1, 27]. Unlike search systems, recomnresyggems enable information access
without an explicit query given by the user. Thagarticularly important in ubiquitous user
scenarios, where the usability of the mobile dexmien limits the user’s willingness to
performcomplicated search tasks. Especially, palsmad recommender systems that
compare the user’s profile to reference charadiesisand predict the relevance that a user
would give to an object they had not yet seenpareficial and reduce the need of
interaction with the device. However, minimizingthser interaction imposes the problems
of automatically matching the relevant content adecw to the user’s profile and context.

In ubiquitous scenarios it is possible to limit teeommendations according to user’s context
information. In addition, user’s behavior can kacked to adapt the profile that can further
limit the possible objects offered for the userwewer, recommender systems suffer from the
following problems [27, 5]:

1. Cold-start Many of the users visiting museums are first-twtsgtors and their user
profiles have limited data about the particular ewrs being visited. Therefore, users
cannot immediately benefit from the recommendetesyaunless it can generalize
over similar contexts and content. In addition, ers must be able to manually
construct and edit the profile.

2. Sparsity The descriptions of the cultural heritage objeciginate from
heterogeneous collections and can be describedifiénent structures, vocabularies
and levels of granularity. The limitation in inteking can lead to poor
recommendations. Therefore, the recommendationadstshould be able to benefit
from semantic background information that provideker interlinking and reduces
sparsity.
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4} Smartmuseum

3.

Over specializationThe user profiles are constructed based on #tarks of the
objects in the collections. This can lead to oyercsalization where users are
recommended the objects that are too similar tmties the user has already seen in
the past. Therefore, the recommendation method beuable to generalize over
similar but not necessarily equal features.

In this deliverable, we demonstrate how backgrckmalvledge, semantic reasoning, query
expansion and context aware user profiling candeel to overcome the above problems

2.2 Smartmuseum solution

Smartmuseum is a system for enhancing on-site paliged access to digital cultural

heritage through adaptive user profiling. Here wespnt the knowledge-based recommender
system of Smartmuseum that uses context-awarenaazling and semantic data processing
to provide recommendations. The functioning of Simeartmuseum recommender system can
be illustrated through four main scenarios:

1.

2.

Outside user scenariohe user is provided information about interegtirsiting sites
or museums.

Inside user scenaridhe user enters a visiting site or museum ampdagided
information about objects that could be in intedghe user.

User administrative scenaridthe user enters user profile information eithanoally
or tags objects to express interests on-site.

Curator administrative scenaridhe system curator enters a new object into the
system.
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Content Creation
and Storage
Annotated content is
stored and indexed for
further reference

User Profile
Construction

User profile is either
1) manually entered
2) dynamically
constructed based on
tagging behavior

Recommendation
Retrieval
Recommendations
are retrieved based
on user's profile and
context

Y A\l

fdsmartmuseum

User Profile
Retrieval Profile
matching user's
current context is
retrieved

Heartyy cultural bulldings |

Fig. 1. System-level features of the Smartmusewomenender system.

The outside scenario is dependent on the locafitimeauser determined by the GPS of a
mobile device or a map interface of a web browEke location information forms the
context of the user. This context is combined wlhith user’s personal profile to recommend
sites of interest that are close to the user'seciifiocation. When the user finds a suitable
visiting site and wants to know more on what taatithe specific site, the user can click on
the user interface to indicate the entrance twisigng site.This switches the mode of the
system to the inside scenario.

In the inside scenario, the user’s context is hadavith the information of being

inside a certain visiting site or a museum. The psefile is then matched to objects

limited to the ones available on the site. The gaerread an RFID tag to retrieve detailed
information about a single object. The user caa sguest more information about the object
or similar objects.

In the user administrative scenario, the user lis htag the recommended objects using an
"l like” tag or an "I dislike” tag. The metadata tife objects marked with these tags are
further used to construct and adapt the user’slerdie user is also able to manually enter
profile information using a web interface. In theator administrative scenario, the digital
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6% Smartmuseum

library or museumcurator is able to enter new dbjéxthe system. The objects are then
stored and indexed using semantic reasoning tegbsifpr further reference.

These main level scenarios can be divided into $gatem-level features illustrated in Figure
1. A User can enter the user profile manually @an be constructed automatically based on
the user’s tagging behavior. In the recommendailmase, the user profile is first retrieved
based on user’s current context. Recommendati@ensetiteved for the user in either an
inside or an outside scenario. To support the adtnative scenario, the system curator is
able to enter new objects to the system for funteirence. The objects are stored and
indexed in a triple-store that enables query exparend efficient retrieval.
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3 Content Creation and Storage

3.1 Ontologies, Metadata Schemas and Annotations

The metadata describing objects are called anonatatAnnotations are stored and indexed
to enable efficient retrieval in the recommendapbase. The actual objects can be regular
HTML pages or images and stored decentralized.ahimetations are stored in the
Smartmuseum annotation base and can further betaiggeke reference to the HTML pages
or images. Annotations are described in RDF(S)dagg [6].

The system was tested with two different datasetudtural heritage domain: Finnish cultural
heritage data from CultureSampo portal (4) and 8maeum data from Heritage Malta (5)
and Institute and Museum of the History of ScieimcElorence (6).

Both datasets consist of lightweight ontologies s@shantically annotated data corresponding
to a Dublin Core compatible metadata schemas. f@8ampo dataset is indexed with the
KOKO ontology (7) developed in FInnONTO project [1Smartmuseum data is indexed

with Getty Vocabularies (8) and custom ontologiesalibing the user’s context and
demographic information. The ontologies used ayet hveight ontologies that are
transformed to RDF(S) from thesauri, where concaporganized in subsumption
hierarchies. Geographical instances are struciareteronymical hierarchies that represent
geographical inclusion. Geographical instancegjacecoded using the W3C Geo
Vocabulary (9).

The aggregated knowledge base of CultureSampoedatastains 133,735 objects and the
Smartmuseum data consist of 1000 objects

4 http://www.kulttuurisampo.fi/

5 http://www.heritagemalta.org/

6 http://lwww.imss.fi.it/

7 http://www.yso.fi/onto/koko

8 http://www.getty.edu/research/conducting resdaodabularies/
9 http://lwww.w3.0rg/2003/01/geo/

3.2 Annotation Storage and Indexing

Smartmuseum requires fast retrieval of recommeodsitand dynamic query expansion
depending on the user’s profile and context. Indgxs inevitable to enable such
functionalities. To support these requirementspwit four indices:

1. Annotation Index stores the original annotationg &rbuilt by storing all triples for
each of the objects. The purpose of the index sipport fast retrieval when building
a Triple-space index. Annotation index is also usectrieve the information of the
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object to be shown in the user interface. We usaitaix of objects times triples. This
enables further access either by querying usiptesj or querying using object URISs.

2. Ontology Index is an index that stores the subsiom@nd part-of hierarchies. These
are used for on-line query expansion and buildivgTriple-space index. For each
resource in the domain, we store the superclagshe cesource in subsumption and
part-of hierarchies. We use a matrix of resouriteed resources. For example, for
resource Helsinki, we store all it's ancestorshia part-of tree: Uusimaa, Finland,
Scandinavia, Northern-Europe, Europe and the Earth.

3. Triple-space Index is an index that stores the tatiom with respect to transitive
subsumption and part-of relations, i.e. triplegioting from the annotations based
on reasoning. This index makes use of the annataiaex and ontology index. We
use a matrix of objects times triples. For examfaleiriple <sm:Object1,
sm:manufacturedin, place:Helsinkiwe store all combinations reachable by
reasoning, i.essm:Objectl, sm:relatedTo, place:Helsinki>, <sm:@bj1,
rdf:Property, place:Helsinki>, <sm:Objectl, sm:mdaaturedin, place:Finland>, ... ,
<rdf:Resource, rdf:Resource, rdf:Resource>.

4. Spatial Index is an index that stores positionifgrimation about objects. In our data
set, positioning information is represented in tifferent ways: either 1) directly
using WGS84 as a reference datum for values ofguties geo:lat and geo:long from
the W3C Geo Vocabulary, or 2) indirectly by a refeze to an location described in
ontologies which then refers to WGS84 values eitliverctly or through it's ancestor
concepts. For each annotation, we store a refetere&®/GS84 point using latitude
lat and longitude lon. This indexing is also doaednnotations that refer to
coordinates indirectly through instances in theaggology. This ensures fast retrieval
of the objects based on the WGS84 coordinate irdban. In addition, we store
coordinate location of every location in the ontplo

Annotation index is designed to support the othdexking tasks and Ontology index

to support on-line query expansion. Therefore nalexed annotation can now be
represented with the Spatial index and the Tripkeee index. An annotation of an object
is a set of triples and coordinates attached tobgect. More formally, a obje®

consist of a set of tripldsn T and set of coordinates Triples belong to the Cartesian
product of the resourcésin the domainT in R x R x R Each coordinate has

latitudelat in [ 180, 180] and longituddong in [ 180, 180]. Therefore, an obje®@

Is a pairD =<t, ¢ >, where t forms a vector space of triples. Theaegpace model
(VSM) [22] is further used for the retrieval of thbjects.

All of the indices are implemented using Apachedana(10).We store all the indexes

in separate fields, but in a single final indexisTénables evaluating all retrieval criteria
in the same query evaluation task, which is esalentreal applications. This is due,
that result sets for the Triple space index cawdrg large and in worst case all of the
annotations stored in the annotation base. Therdifoiting the result set using spatial
criteria must be done in the same query evaluasisk than the triple space matching.
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This is expected to cut down the search spacefisignily in real life retrieval cases.

10 http://lucene.apache.org
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4 User Profiling

A user profile is a collection of data about intgseassociated to a specific user. We support
ontology-based user profiles and our model fores@nting user profiles consists of a set of
RDF triples. This is important to enable matching tiser profiles to the annotations. The
profile triples are formulated using resource idfears from ontologies.

The rationale behind this is that triples can bécimed to annotations using ontology-based
reasoning and query expansion. Positioning infalomas mapped to geographical location
identifiers of the ontology using the Spatial ind&ke model used to represent a user profile
is context aware. This means that the context wiheréagging is performed can be attached
to the actual triple that describes the user's@ste Smartmuseum currently supports location
context and visit context (such as companion opgse of visit), but the context model is
designed to use triples and therefore any contdéatmation can be deployed.

Each triple in the user profile can be attachea tontext. The context is represented using a
set of triples. More formally, a user profffeconsist of a set of profile entrips Profile

entries consist of a tripkein T and a context triplet in Tthat belong to a Cartesian product
of the resourceR in the domainT in RxRxR Each triplet is attached with a context

in which it was added. For each triple in the geoéintrypi in the user profile, there exists a
weightw in [ 1, 1] . A User can create a user profile either manugipg a web user-
interface or dynamically based on the tags thatie explicitly adds for the visited objects.

4.1 Manual User Profile Construction

A user profile can be created manually using a ussy-interface shown in Figure 2. The user
is able to add concepts that the user likes oikdisl The selections can be made from three
facets: general concepts, persons and places.déackpt can be selected either by using an
auto-completion search or faceted browsing baseti@subsumption and part-of hierarchies
of the ontologies. The rationale is to supporiahprofile creation using web interface and
further adapt the profile to the user’s interestsdal on the user’s behavior. The concepts that
are manually inserted to the profile are expandetliples. Each concept is placed as an
object of the triple anddf:Propertyis used as the predicate adéiResourceas the subject.
This is because the user interface is require teilaple and only initial profile is required to
be inserted using the web interface.
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| || tike || 1 dislike

Fig. 2: Web user-interface for manual profile edjtiUsers can add explicit concepts that
they like or dislike. The selection can be madagi$aceted browsing based on the
subsumption hierarchies of the ontologies (left)adidition, the selections can be made from
three auto-completion widgets: general concepisons or places (person and places
widgets shown right)

The annotations are formed using binary predicatasye the subject is always the identifier
of the object and the object is the actual valusediing the annotated object. Therefore,
placing the concept only as the object of thedrgohd using the most general property is
suitable and guarantees the match to all requesaurces in the recommendation retrieval
phase. The triples in the manual profile constarcphase are added with an empty context.

4.2 Dynamic Profile Construction

User profile can also be constructed dynamicalgeldaon the tagging behavior of a user.
When the user sees an interesting object insideseum, the user is able to tag the object
with an "I Like” tag or an "l dislike” tag. The userofile is then updated accordingly. Each
triple in the user’s profile is attached to a cahia which the tagging of the object, to which
the triple was attached to, was performed. For gt@nconsider a case where user has tagged
an "l like” tag for a painting that is annotatednave a renaissance as a style period, and the
tagging has taken place in Italy. In our exampies would result to a following triples to be
inserted as a user profile entty=<sm:painting,sm:stylePeriod, koko:renaissancet
=<rdf:Resource, sm:userLocation, place:ltaly>, wl=

The problem with direct estimation like this istthiaer has indicated a preference of Italian
paintings, however, the contexts in which the olstgsns are done can be very sparse.
Therefore, we use Laplace (i.e. add one) smoofiiBpto shave a share of the probability
mass to contexts for which no observations ardaai In this way, we can observe some
probability for every triple even if it has not metagged in the specified context.
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Fig. 3: TODO The mobile user interface of the Smaseum system. Upper left conrner
illustrates the system providing the recommendaditsirior the user. Upper right corneer
illustrates the page for more information of a &raytifact. Lower left corner shows the more
information page, where additional links to simit@ntent are shown. Lower right corner
shows a video option.

Recommendation retrieval is performed in five pkag#st, the user profile is retrieved
based on the user’s context. This results intoighved set of profile triples. Second, the
user’s current context is created based on thditocaf the user. This gives spatial
restrictions for objects to be recommended andided mapping the user’s location using
spatial index to an ontological representation ihaised in the user profile. This phase is
only performed for the outside scenario. In ingdenario, the context of the user is set to the
specific museum. Performing these two phases, @alze to formulate a user profile that
corresponds to the user’s current context and Bgeapatial restrictions that can be used in
the recommendation retrieval phase. Third, theygiseexpanded. Fourth, the user profile is
used to retrieve the relevant objects from the tatium base. Finally, the best results are
clustered to provide different viewpoints to theammendation results. Most higly ranked
objects from each cluster are included in the freabmmendation list.

Figure 3 shows the functionality of the recommeimtiasystem. Users receive a
recommendation list based on their profile. Usegsadble to view more detailed information
about any of the objects. Users are also ablec&ve information about similar objects and
related information resources including links thestobjects or to directly related information
resources such as videos or additional images.

5.1 User Profile Retrieval

Retrieving the user profile based on the user'secdris done by mapping the user’s location,
determined by GPS or the user pointing a map ins&n interface, to ontological concepts
using the spatial index. This results into an agaal resource representing the position
information. The weighted user profile is theniested based on the context. The weights for
the triples can be observed from the tagging behnafithe user. We use the likelihood of a
context generating a certain triple. It can be oles#from the relative frequencies of the
profile entries. FormallyR(t|ct) = count(t|ct) / count(ct) For example, if a user profile
contains tags for triples about Italian paintingshe context of Helsinki, say 10 times, and
triples in Helsinki in total 20 times, tHg<sm:Painting, sm:manufacturedin, place:ltaly> |
<rdf:Resource, sm:userLocation, place:Helsinkix¥puld bel0/20 = 0.5 In addition, we

have the negative or positive votes for the trijjle calculate the average of the votes of the
triple in the given context and multiply it withehprobability of the triple in the context.

5.2 User Context Creation

Constructing spatial constraints correspondingudes’s current context heads to limit
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the matching of the possible objects to be recond®eno those that are close to the user’s
current location. In outside scenario, we createstraints to retrieve nearby content by
expanding the location information of the user. Téeeived coordinate point is expanded to
cover a circular area within the radius r. A sabeiding box is created where each of the
edges of the box have a distance r from the pointhegre the user is located i.e. the distance
to the edges of the bounding box from the gives ip We set the distanceao 5 kilometers.

In inside scenario, we add a triple to the usesistext that limits the retrieval to the objects to
the ones exhibited in the museum the user is Idaate

5.3 Query Expansion and Weighting

On-line query expansion and weighting means to ecphe triples retrieved in a first

phase by using ontological reasoning. We enableygigansion on four distinguish
dimensions: subject matter, location, temporal @ttext. In practice, ecah of these
dimensions is mapped to a root of a property imte¢adata schema. For example, any
property that belongs to a subporperty tree @¢:aubjectis expanded based on the expansion
strategy assigned to the subject matter dimension.

In other words, the subject matter expansion reflectriples predicated lc:subjector any

of it's sub-properties, the location expansionaet$ to triples predicated by the spatial
coverage predicate or any of it's sub-propertietthe temporal expansion reflects to triples
predicated by temporal coverage predicate or anysaub-properties and the context to any
context parameter in the user’s context. For exarbplallowing query expansion in the
subject matter dimension, the system performsygeigpansion to retrieve also content that
is more general than defined by the triples inptadile. This means not only matching more
specific cases of the triple (i.e. in case of Fdlamatch also Helsinki), but also more general
cases (i.e. in case of Finland, match also Scani@ina

This query expansion up in the hierarchy is donedigulating the Wu-Palmer measure [28]
for each resource of the triple and by acceptihgriple combinations of resources that have a
Wu-Palmer value below the value assigned for theedsion. In addition of the query
expansion, the weight of the triple in case is Wweed according to the value assigned for the
dimension. Here, the ontology index is used to nfakeon-line calculation of the Wu-

Palmer measure.

The empirical evaluation that is currently perfodhieads to find optimal query expansion
values for each of the dimensions.

5.4 Recommendation Retrieval

Recommendation retrieval is performed by usingginery constructed from user profile
and context. Based on the earlier phases we hagtdd profile tripleg that each have
weightw. Each triple may be expanded using query exparnsianultiple triples, that each
have the weight of the original triples. The weigheach resulting triple is then multiplied
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by the value given by the slider. As a result weeha set of triplesin T, each triple having a
weightw. In addition, we have a spatial constraint, tredirebs the lower and upper bound for
latitude and longitude. Finally, we can define tbgieval as a two step matching procedure
that utilizes the spatial constraints and a scaiumgtion used to calculate the cosine
similarity [23] in vector space model [22] that Wave generalized for the triple space:

1. Prune the search space based on the spatial salgxthat the spatial constraints
hold.

2. For the remaining matrix, calculate cosine simijabietween vectors of index triples
it in triple-space index and triples t in the pl®fusing the Apache Lucene tf-idf
scoring function weighted with the weight deternairy the Wu-Palmer measure in
the query expansion phase and profile weight.

5.5 Clustering

The recommendation results are returned as a rdiskdxy the retrieval method.While the
ranking of the objects is important, to avoid ospecialization, users may also want to
receive recommendations from the different viewgsgpecified in their user profiles.
Therefore, we cluster the top recommendations hod she user the highest ranked objects
from each cluster.The number of items in each etustdetermined by the planned lenght of
the visit given by the user in the user context.

The clustering is based on the matching triplekectdd for each of the top 300 recommended
objects given by the retrieval method. We use #&IEA algorithm to perform independent
component analysis [13].

Independent component analysis is a computatioeghoad for separating a multivariate
signal into subcomponents supposing the mutuasstat independence.We construct a
concept combinations times objects matrix. Theofelhg combinations of the matching
triples are used as concept combinations: sulpb@ct, subject and object, predicate and
object, and the full triple. An Java implementatajrFastiCA
(http://sourceforge.net/projects/fastica/) is used.

Then, the principal component analysis is run lier matrix to reduce dimensions.

Eigenfilter with filtering percentage of 98 is usedPCA. This means that after PCA sorts the
eigenvalues, the first highest eigenvalues, whaseis higher than 98 percent of all of the
eigenvalues are used in the actual FastICA alguarith

For FastICA, we set the number of desired clugted®. This is the maximum number of
clusters returned. However, the algorithm determilass clusters if no further meaningful
separation can be made. We used the hyperbolietd(arl) as a contrast function. Clusters
were obtained based on the highest absolute vake@ch object from the returned
component vectors. Finally, the clusters were kdbdly including the labels of the five most
common concepts occurring in the cluster excludmgcepts that occur in all of the clusters.
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6 Discussion

6.1 RelatedWork

Recommender systems have been used in a numbiffieoért applications such as web
browsing [8], recommending books, music [17], meJi#9] and news [16]. The current
recommendationmethods can be divided into a dembgraechnique [20, 26], collaborative
filtering [16, 21], case based filtering [7] andhtent based filtering [24, 20]. Knowledge-
based recommender systems [9, 11] are a type témivbased filtering.

Many existing cultural heritage portals support\klemlge-based recommendation [25, 14]
and mobile recommender systems have been implecthantlee cultural heritage domain [2,
4]. The CHIP demonstrator [27] provides a persaealiaccess to museum collections using
ontology-based annotations and knowledge-basednmendation.

A similar approach has been applied to providemenendation support in e-tourism [10].
DBPedia Mobile enables map-based visualizationsamaantic search on DBPedia dataset
[3]. Recently, many researchers have actively tioeléverage a Semantic Web in support of
context-aware and personalized recommendationeXample, MyCampus is a Semantic
Web environment for context-aware mobile servide&q.[It provides interfaces to perform
privacy aware queries and to access informatiom fe@ternal web services.

6.2 Contributions

This paper presented knowledge-based recommenstensysmartmuseum. The
contributions of our approach are threefold. Finst,present a generic user profile model
that is not based on pre-defined schemata, busimple set of weighted triples. Second, user
profiling used is context-aware and takes advantdgentextual information, such as user’s
current location, to further improve personalizatidhird, the knowledge representation and
retrieval methods of Smartmuseum are based on atatadhemas and large domain
ontologies. This allows generalization for heterogmus distributed collections described
with different vocabularies and different levelsgoénularity.We describe a recommender
method that is able to benefit from generic contaxére user profile, operates on smart
indices and enables on-line performance of cordependent query expansion. The
recommendation method is demonstrated in a prodayplication that is tested on a
knowledge-base of over 130.000 objects and more It&million triples.

Content- and knowledge based recommender systderssafffer from overspecialization

[1]. This means that the user is being recommewdédthe objects that are similar to the
ones she rated highly in the past. However, ifaibjects are too similar to something the user
has already seen, such as a different news atligderibing the same event, objects should
not be recommended. In Smartmuseum, query expaasbelustering can be used to reduce
over-specialization.
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In case of content- and knowledge based recommeydiams, the user has to rate a
sufficient number of objects before a content-basedmmender system can really
understand user’s preferences and present retiatdenmendations.This is often referred as a
cold-start problem. We tackle the problem by offgra web interface, where users can
manually edit and insert new profile information.this way, the user is also able to avoid
non-relevant information to be included to user@fite. In addition, the background
knowledge is used to reduce the sparsity of the. ddthough formal evaluation of the
system has not yet been conducted, the demonssiatam that tackles the problems
presented above has been built and intuitivelygreéevant recommendations. However,
further evaluation of the methods to ensure théityuaf the recommendations and to assign
optimal query expansion on each of the possibleedsions are required.
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