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Abstract. Although there are increasingly more initiatives the generation of
semantic knowledge based on user participatiome tisestill a shortage of plat-
forms for regular users to create applications biclwvsemantic data can be ex-
ploited and generated automatically. We proposarehitecture, called Seman-
tic Maps GeMaps), for assisting the authoring and hosting of aggtlons in
which the maps combine the aggregation of a Gebgrdpformation System
and crowd-generated content (called here crowd Jné&pghese systems, the
digital map works as a blackboard for accommodasiagies told by people
about events they want to share with others tylyigalrticipating in their social
networks.SeMaps offers an environment for the creation and maiatee of
sites based on crowd maps with the possibilitytifier user to characterize se-
mantically that which s/he intends to mark on ttepniThe designer of a crowd
map, by informing a linguistic expression that desites what has to be marked
on the maps, is guided in a process that aims gocate a concept from a
common-sense base to this linguistic expressions,Tthe crowd maps start to
have dominion over common-sense inferential ratatithat define the meaning
of the marker, and are able to make inferencestahewnetwork of linked data.
This makes it possible to generate maps that Heveower to perform infe-
rences and access external sources (such as DBplealiaconstitute informa-
tion that is useful and appropriate to the contéxhe map. In this paper we de-
scribe the architecture @&Maps and how it was applied in a crowd map au-
thoring tool.

Introduction

Motivated by the huge success of Wikipedia, wikplagations have not been re-
stricted to crowdsourcing via text sharing. On ¢batrary, there has recently been an
explosion of interest in using the Web to creassemble, and disseminate geograph-
ic information provided voluntarily by individual€rowd mapping activity, combin-
ing the aggregation of a Geographic Informationt&ys(maps on the Web) and
crowd-generated content, flourishes daily [1, 2]JiteS such asWikimapia
(http://mwww.wikimapia.com)WikiCrimes (http://www.wikicrimes.org) [3], Click2fix
(http://www.click2fix.co.sa) Crowdmap (www.crowdmap.com), an@penStreetMap
(http://www.openstreetmap.org) are empowering €it&zto create a global patchwork



of geographic information, while Google Earth arikeo virtual globes are encourag-
ing volunteers to develop interesting applicatiaesg their own data. In crowd map
applications, the digital map works as a blackbdarchccommodating stories told by
people about events they want to share with othggally participating in their
social networks.

On the other hand, although there are increasimglse initiatives for the genera-
tion of semantic knowledge based on user participate.g.: twine, semantic wiki
[4], and ontowiki [5]), there is still a shortagé platforms for the development of
applications by non-expert users on which sematdta can be generated automati-
cally and exploited by these applications.

Our work fits innovatively into this context. Weqmose a service-oriented archi-
tecture, calledseMaps (from Semantic Maps), for expressing the semamfcshat
the designer of the map intends to mark on the (hape called markers). We call
“semantic characterization” the act of describihg toncept(s) that best represent(s)
a marker. The characterized concepts are associgtiedhe linked data represented
in RDF. In doing soSeMaps makes it possible to generate Semantic Crowd Maps
that have the power to perform inferences and/oess external sources that consti-
tute useful and appropriate information to the roaptext. Wikipedia itself — through
its RDF representation in DBpedia [6] — can be oh¢hese external sources that
provide additional and contextual information witlihe map.

In this paper we describe the architectur&flaps, with an emphasis on the spe-
cification of its own ontologies as well as its oection with Linked Open Data
(LOD). Then we describe how tiseMaps services were coupled to a crowd mapping
authoring tool in order to drive the marker’s capicelicitation from the common-
sense base in order to define the semantic valwéhaf the designer wishes to mark
on the map. An example of a crowd map generated flos approach demonstrates
how easy the process of attributing semantics andssing LOD in crowd maps can
be.

2 Providing Semanticsto Crowd Maps

At the core ofSeMaps are the ontologies that describe the knowledgéndetme
maps created. Due to the collaboration charadterigterent in the maps, we sought
to reuse concepts of ontology that supported thiakmrative model of content crea-
tion. We found the support we needed in the Sewrahtiinterlinked Online Com-
munities (SIOC) ontology [7]. In addition to deding the content created by the
participants, it also provides the possibility efdang semantics to such content, an
important part of our model. In th&eMaps ontology, the marker has information
about an event, a person, a business or a partifada(represented by the concept
classes created during the process of marker crgand on the marker per se (such
as date and time, the user who created it, amongrg)t Moreover, in the marker
there is a set of features to describe the provenan the information, such as the
type of source and how reliable it is. For représgnthese latter features, we im-
ported the PML2 (Proof Markup Language) ontology [8owever, we specialized



same of the concepts to cope with the particularuiesst ofSeMaps, particularly for
representing the notion of reputation inspired9] and [1Q. As shown inFigure 1,
the main classes &Maps are:

» Marker — the clasgesponsible for describinguser’s report abowomethini of the
domain of the mapiissue. The properigioc:has creator links to theuse account
who reports and theropertysioc:topic links to the concept beingportec

* WikiUser/WikiUsel Account — WikiUser describes a user registered particular
crowd map. Thoseser: make up a social network through the conceptserson
and friendsmportec from the FOAF (friend of a friend) ontology [[LWikiUser
Account describethe account the user utilizes to interact with the map

« Concept classes describe the thing being reported on the crowp. Instance
of this classalso link tc anInferenceNet concept via thedf:type property. As Se-
Maps assumeshat a marker must be a person organization, arvent, acom-
plaint, an artisticproduction (movies, photos, books, etc.), a bud, or a can-
mercial establishment, eve created class is a subclasstliése classes (Y dub
them theSeMaps top classes
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Fig. 1. SeMaps Ontologies

SeMaps allows the generated maps to have completely hggeepus domain
Therefore, there is a need to describe types ofiimdtion that exist only for a spf-
ic map. A particular map can refer to crimes, n@igkution, humanitarian assistan
etc. Each rap contains specific information that must be dbsd. To enable thi
specialized description, OWL classes are createdleamand, i.e.SeMaps represera-
tion evolves according to the map created. Thesgsek are extracted directly frt
the markers creéad on the various crowd maps and are images (sioc:topic prop-
erty. As previously mentioned, the instances of¢helasses are linked to a conc
through thedf:type property.

Besides using the aforementio ontologies,SeMaps services rely on bilingual
knowledge base, which expresses inferentialist sdmand commo-sense knw-
ledge - nferenceNet [12]. InferenceNet expresses semantic content through a net
that connects a concept to many others throughndoaé commo-sense semant
relaions and that are inferential in nature (precondgiand postconditions of the
of concepts). Formally, this base is represented directed grapiG,(C,Rc). Each
inferential relationshiirc; O Rc is represented by a tuplesiationName, c;, ¢, type),
whererelationName is the name of alnferenceNet semantic relation (Capabler
PropertyOf, EffectOfetc.), c; and ¢, C are concepts of a natural language,
type =“Pre” or “Pos”, indicating a precondition or a postdition for using the n-
ceptc;.

InferenceNet is linked to YAGO and DBpedia [1, which allows rich inference
to be made, since the base expresses co-sense knowledge and the inferen
import of the concepts in the reason



3  TheSeMapsArchitecture

SeMaps is a set of web services (WS) specifications, alstuding built-in func-
tionalities, capable of enabling semantics on cromaps. The main features are: de-
scription of crowd maps in an RDF/OWL ontology, wetrvices for semantically
characterizing a maker, and web service for LODtextnalized resources retrieval
from data already on the map. Figure 2 showsSthvaps architecture and its relation
with a crowd map.

3.1 Semantic Characterization M odule

The module for semantic characterization compriBesservices by which the us-
er-designer can define the semantic value s/heewith mark on the map (the mark-
er) based on the common-sense base. In shorts#redasigner, by informing a lin-
guistic expression that designates its markeryidegl in a process that aims to asso-
ciate a concept from the common-sense base tdrieidtic expression that names
the marker. Thus, the map starts to have dominier common-sense inferential
relations that define the meaning of the marker @nedable to make inferences about
the network of linked dataSeMaps provides services to associate a concept to a
marker and to create an ontology for the crowd map.

SeMaps

Ontology
§ Semantic 8 D2R
é characterization ; Lon?;ﬁfém SPARQL
g module 3 endpoint

= = ==

| |

e ad
Authoring tool Crowd map

Fig. 2. SeMaps Architecture

The association of a concept to a marker is aatiter process that occurs while
there are markers to be created by the desigrgurd-B describes the interface of the
WS (SemanticCharacterization) with its methods and I/O parameters. Bamantic-
Characterize method receives as a parameter the string thatides a marker and



returns a list of URIs that identify resources fdum the common-sense base
represented in RDF.

4 SemanticCharacterizationWS5ervice EI 3 SemanticCharacterizationWSDelegate
[ SemanticCharacterizationWSPort % semanticCharacterize
http://lecalhost:9080/Mestrad... [¥input parameters [e] semanticCharacterize
1 output parameters | [e] semanticCharacterizeResponse

semanticCharacterize
[e] semanticCharacterize/~
argd [0.1] string

semanticCharacterizeResponse

1
‘ [] semanticCharacterizeResponse -
! return  [0.%]  string

Fig. 3. Semantic characterization web service interface

For each marker with an associated concgglaps uses another service to create
the classes of the ontology for this map. The ista of the classes are linked to
DBpedia/YAGO. Figure 4 describes the interface lid Concepts WS. The input
parameter of thereateConcept method is thestring that describes the marker and
returns a unique identifier for the concept. Thisnber is the main reference of the
concept inSeMaps.

25 ConceptWSService EI 9 ConceptWsDelegate
= ConceptWSPort 4 createConcept
http://localhost:9080/M... L+ input parameters | [€] createConcept
4 output parameters [e] createConceptResponse

createConcept
[e] createConcept=
argd [0.1] string

createConceptResponse

1
| [e] createConceptResponse -
J return int

Fig. 4. Concept creation module web service interface

3.2 LOD Search Module

The search module &eMaps provides a service that obtains resources (asticle
news, etc.) from LOD. This search is based on &masitic characterization done in
the module described in 3.1. TkearchLODForConcept method of the LOD WS
receives a concept representing a marker as imgutedurns a list of URIs describing
resources related to the concept. Usually the ghgos that implement this search
also usdnferenceNet. An example of this was described in [14]. The §/Rdturned
by the method can be used in different ways, fetaince, used as a widget or plotted
directly on the map. Due to space constraintswil service description in WSDL
was omitted.



3.3 D2R Endpoint

SeMaps assumes the use of a service of mapping relatidai@ to RDF. This is
necessary not only to avoid data replication, siypécally the authoring tools have
their data represented in RDBs, but also becawsertwd map data will be available
to be accessed by a SPARQL endpoint. We used tle d@Pver [15], which is an
open and free system for publishing relational datahe Web. It enables RDF and
HTML browsers to navigate the content of nhon-RDFabases, and allows applica-
tions to query a database using the SPARQL quaryuiage over the SPARQL pro-
tocol.

4 Integrating SeMaps into WikiMapps

The SeMaps architecture allows several different implemetasi for each service.
For example, different algorithms for semantic aation can be used in the process
of semantic characterization. The only requirenteat must be satisfied is to follow
the interface specified previously.

In order to putSeMaps to work, we integrated thBeMaps services for semantic
characterization of a marker inikimapps (www.wikimapps.com), an authoring
tool for creating and hosting crowd maps. The seimamaracterization process and
the search module were instantiated with algoritdescribed in [14].

We also used a D2R Server to maintain the map @gyolThus, for each marker
created in the authoring to@Maps creates an entry in this table and a mapping in
D2RQ helps to automatically update the ontology.

To exemplify how the knowledge represented on avdrmap generated frohi-
kimapps works, let's assume that a designer wants to er@ahap of politicians of a
certain region. In order to associate semanticthéomarkersWikimapps was pre-
pared to call the services for semantic charae#oz and concept creation 8&-
Maps. Thus, when the designer of a crowd map\Vikimapps defines a marker called
“politician”, it is automatically associated witlmferenceNet's “politician” concept
that, in turn, is linked to instances of YAGO anBp&dia. The way each service of
this process was implemented is described in [14].

The crowd map generated dykimapps was also prepared to us&Maps search
WS. This service was called inside a widget thatds LOD data from the New York
Times and DBpedia, with additional information tekh to subjects to which the
markers of the map refer. The widget calls the WHenever there is a change in the
map’s viewport.

Figure 5 presents the results of a query made éyctbwd map, whereby news
from the New York Times on corruption, scandals v has been found. Note that
this information refers to the region the map selé¢in this case the state of lllinois).
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Fig. 5. Screen shot of the “Politicians” Crowd Map with Neand Articles

Figure 5 also shows links representing the relatiohcommon sense that have
been identified. If the user decides to navigaterniap, other queries are performed,
this time filtering information regarding relatidrips as news stories on laws pro-
posed by politicians, corruption, or any scandaighe example shown in Figure 5,
the possible issues were created by the inferectiaient of the concept “politician”,
expressed imnferenceNet: “a politician is able to propose laws” and “aifiolan has
the capacity to corrupt.” This common-sense knogéeid expressed imferenceNet
through the relationships (CapableOf, “politiciaritp propose laws”, “Pre”) and
(ProprietyOf, “politician”, “corruption”, “Pre”), espectively. Moreover, the concepts
“political”, “law” and “corruption” are associatedvia LOD — with YAGO resources
and DBpedia. Also in Figure 5, we see another dbariatic obtained by the fact of
knowing the semantics of the concept: DBpedia lagi@re related to the location
indicated on the map. Further information regardimg place of birth, death, work
and other references that are base@eoNames allow WikiMapps to automatically
sort the items for these characteristics.

5 Related Work

The production of linked open data is a growingudren the web. Thus, the num-
ber of tools for generating semantic content on\Web is increasing. Highlighted
among these tools are those that export pre-egistitia without semantics, such as
Drupal [16].

LinkedGeoData [17] is a project aimed at processing and reptasen of RDF
data that was created collaboratively iOpenSrestMap (OSM -
www.openstreetmap.org). In addition, the projentsato allow binding of OSM with
other bases of the LOMinkedGeoData developed an ontology partly derived from
the relational schema coming fro®penSreetMap and WGS84 (World Geodetic



System). To map the collected data in instancéeeo©SM ontologylinkedGeoDa-

ta makes use of Triplify, a tool able to accomplisapping from relational databases
to RDF. Despite the similarities witBeMaps, LinkedGeoData is focused on the geo-
graphic elements that compose the map instead deling denounces, events, per-
sons and other entities that are associated teqldtis is not a disadvantagel orfi-
kedGeoData, but shows how it is focused on collaborative agraphy and it is not
able to cover wha&eMaps covers, like events or complaints, for instance.

Another group of tools that produce semantic canienthat of semantic wikis.
The semantic wikis, such &mantic MediaWiki [4], allow the users themselves to
describe — through notes — the content edited éyttAlthough they allow semantic
data to be generated collaboratively, semanticsaatigind to make the process of crea-
tion somewhat difficult for users, since they néedise special tags in order for the
data to be linked semantically. This difficulty cagsult in data linked erroneously or
without  sufficient links. Some projects such as fMoh Alpha
(www.wolframalpha.com) aim to provide a “computatib knowledge engine” and
allow the generation of knowledge widgets that\agy similar to the services that
can be produced using the services providedSéaps. However, a proprietary
knowledge base is used, exploring alternative seprational ways that could even-
tually support or complement our approach.

Hermes [18] is a system capable of creating a kedge¢ base and from there, fil-
tering news from RSS feeds in accordance with #sireld concepts. It compiles an
ontology with linguistic expressions that appeathia selected news items. By creat-
ing a knowledge base on top of news, the propasadeiwork does not use a know-
ledge base of common sense as we dglitaps.

6 Conclusion

In this paper we propose the semantic crowd mapegatnin which the process of
participation and interaction always occurs intielato a given space indicated on a
digital map and the semantic of the marker is mtediby services ageMaps. We
describe a platform for creating semantic crowd spaghich provides an environ-
ment for the creation and maintenance of sitescbasecrowd maps. We seek to
supply the lack of platforms for the developmentapplications, by non-specialist
users, where semantic data are automatically gextkeand exploited by these appli-
cations.

SeMaps allows a user who wishes to create a crowd majmtso with the descrip-
tion of the concept of that which s/he wishes takran the map. Hence, the maps
produced bySeMaps have the power to make inferences and accesmaksurces
that constitute useful information, appropriatehe context of the map. This seman-
tic characterization of the marker used a commaisedase in Portuguese and Eng-
lish. The integration oSeMaps into Wikimapps showed that crowd maps generated
by WikiMapps are more informative, since befoSeMaps they only were able to
show what people marked on the map and nothing .Mdith SeMaps, they are able
to access LOD and show relevant and contextualifedmation.
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