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Outline

* Introduction
* Previous related research in other areas
* Motivation

e Extensions of RDF and SPARQL for the representation
and querying of geospatial data

* Geospatial description logics and geospatial ontology-
based data access systems

* Implemented systems, evaluation and comparison
* Visualisation of linked geospatial data

* Open issues



Why Spatial (and Temporal) Data?

e Spatial and temporal data are very important in reality:
Everything that happens, happens sometime, somewhere.

e Decision making can be substantially improved if we know when
and where things take place.

e This tutorial is for the “where”.




Previous Research



Geographic Information Systems
(GIS) Research

e Lots of interesting theoretical and practical work by
GIS researchers.

* Topics covered:
— Geographic data and their representation

— Geographic data modelling and geographic
databases

— GIS software
— Cartography and map production
— Spatial data analysis and decision making

— Geospatial data on the Web



Geographic Information Systems
Research (cont’d)

* Industrial impact:

— Lots of relevant standards by the Open Geospatial
Constortium (OGC).

— State-of-the-art GIS software e.g., ArcGIS or QGIS.
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Geographic Information Systems
Research (cont’d)

e Educational impact:

— Relevant ideas have found their way in well-known
GIS books.




Spatial Database Research

e Lots of interesting theoretical and practical work by
database researchers.

* Topics covered:
— Data models and query languages
— Storage structures and indexing techniques
— Query processing
— User interfaces
— Implemented systems

— Applications



Spatial Database Research (cont’d)

Industrial impact:

— The OGC standard “OpenGIS Simple Feature Access - Part
2: SQL option” introduced geospatial data in SQL in 2010.

— Spatially enabled databases (e.g., PostGIS, Oracle Spatial,
Spatialite).
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Spatial Al Research

e Lots of interesting theoretical and practical work by
Artificial Intelligence researchers.

* Topics covered:
— Spatial logics
— Spatial constraint networks
— Implemented systems
— Applications

— Contributions to other Al research areas like
planning and commonsense reasoning
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Motivation



Geospatial Data on the Web

* Very popular and useful map software.

| OINGre:
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Open Government Data
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Linked Geospatial Data- Ordnance
Survey (United Kingdom)

Ordnance
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Linked Geospatial Data- Kadaster
The Netherlands)
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OpenStreetMap
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http://www.linkedopendata.gr
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Lots of

LOD Cloud (Aug. 2014)

Geospatial Data
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LOD Cloud (Aug. 2017): Lots of
Geography Data
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Geospatial Extensions of RDF and
SPARQL



Overview

* Early papers:
— Kolas (2007)
— Perry’s PhD dissertation (2008)
— Koubarakis and Kyzirakos (2010)

* More recent proposals:

ne OGC standard GeoSPARQL (2012)
he data model stRDF/stSPARQL (2012)

ne framework RDFi(2013)
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GeoSPARQL and stRDF/stSPARQL

* The two proposals offer constructs for:

— Developing ontologies for spatial and temporal
data

— Encoding spatial and temporal data that use these
ontologies in RDF

— Extending SPARQL to query spatial and temporal
data

 Temporal data is covered only by stRDF/stSPARQL
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[Peprn an
GeoSPARQL Y Hep o)

GeoSPARQL is an OGC standard.

Main functionalities:

e Representing geospatial information is done using
high level ontologies inspired from GIS terminology

e Geometries are represented using literals of spatial
datatypes

* Literals are serialized using OGC standards WKT and
GML

* Families of functions are offered for querying
geometries -



GeoSPARQL Components

Topology Vocabulary | | Geometry Extension | Serialization
Extension - serialization

- relation family - R * W KT
- GML
- Relation Family

Parameters

Geometry Topology

Extension .
-serializ)a(tion ! . Slmple Features

- relation family . RCC'S
- Egenhofer

Query Rewrite RDFS Entailment
Extension Extension

- serialization - serialization
- version - version
- relation family - relation family




GeoSPARQL Core

* Defines two top level classes that can be used to
organize geospatial data

geo:Spatial
Object

geo:Feature
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GeoSPARQL Geometry Extension

* Provides vocabulary for asserting and querying data
about the geometric attributes of a feature
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Example

gag:0lympia . [
rdf:type gag:MunicipalCommunity; ;‘iﬁwf' a4
gag:name "Ancient Olympia"; “i\ | ,uj
gag:population "184""*"xsd:1int; |

geo:hasGeometry ex:polygonl.

Ancient Olympia
ex:polygonl
rdf:type geo:Geometry;
geo:asWKT "http://www.opengis.net/def/crs/0OGC/1.3/CRS84

POLYGON ((21.5 18.5,23.5 18.5,
23.5 21,21.5 21,21.5 18.5))"
"Mgstf:wktLiteral.
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GeoSPARQL Geometry Extension
(cont’d)

The following non-topological query functions from the
“OpenGlS Simple Feature Access” standard are also offered:

= geof:distance

= geof:buffer

= geof:convexHull

= geof:1ntersection
= geof:union

= geof:difference

« geof:symDifference
« geof:envelope

= geof:boundary



Example Query

Find forests near municipal communities.

SELECT 7r <c s,
WHERE { e (i
?r rdf:type clc:Region; O ACIOF !}
geo:hasGeometry ?rGeom; CRridd s
clc:hasCorinelandCover ?f. BEACAS et
?f rdfs:subClassOf clc:Forest.
?c rdf:type gag:MunicipalCommunity;
geo:hasGeometry ?cGeom.

FILTER (geof:distance (?rGeom, ?cGeom, uom:metre) < 1000) }

29



GeoSPARQL Geometry Topology
Extension (cont’d)

The following topological query functions from the “OpenGIS
Simple Feature Access” standard are offered:

= geof:sfEquals

« geof:sfDisjoint

= geof:sflIntersects
= geof:sfTouches

= geof:sfCrosses

= geof:sfWithin

= geof:sfContains

= geof:sfOverlaps



Example Query

Find forests that border municipal communities.

SELECT ?r ?c SN A
?r rdf:type clc:Region; W ng
geo:hasGeometry ?rGeom; P
clc:hasCorinelandCover ?f.
?f rdfs:subClassOf clc:Forest.
?c rdf:type gag:MunicipalCommunity;
geo:hasGeometry ?cGeom.

FILTER (geof:sfTouches (?rGeom, ?2cGeom) ) }
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GeoSPARQL Geometry Topology
Extension (cont’d)

The previous family of functions are based on the

DE-9IM model studied by Clementini and Felice.

Similarly, the family of functions in the Egenhofer

and RCC-8 frameworks are offered.
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GeoSPARQL Topology Vocabulary
Extension

This extension is used for representing topological information about
features.

Topological information is inherently qualitative and it is expressed in

terms of topological relations (e.g., containment, adjacency, overlap
etc.).

Topological information can be derived from geometric information or it

might be captured by asserting explicitly the topological relations
between features.

33



Topological Relations

* The topological relations of the "OpenGIS Simple
Feature Access” standard are offered.

— _geo sf€ontams
- ~geo:sfCrosses

4 S ‘geo: sflntersects
eo:Spatial g -

( : Oijct )geo stquals: geo: stverlaps

S - —geo:sfDisjoint geo:sfWithin

7 = geoisfTouches

/ N
// ~ > .
( geo:Feature X—{eo:hasﬁeometrg'\geo:Geometry>
AN S T~— N ~

—— geo:hasDefaultGeometry ~——
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Topological Relations (cont’d)

Similarly, the topological relations of the Egenhofer

and the RCC-8 framework.

GeoSPARQL offers us vocabulary for expressing these

topological relations in the database and the queries.
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Example

gag:

gag:

gag

gag:
gag:

Olympia rdf:type gag:MunicipalCommunity.

OlympiaMunicipality rdf:type gag:Municipality.

:WesternGreece rdf:type gag:Region.

Olympia geo:sfWithin gag:0lymplaMunicipality.

OlympiaMunicilipality geo:sfWithin gag:WesternGreece.
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Query |
Find the municipality that contains the community of

Ancient Olympia.

SELECT ?m
WHERE {
?m rdf:type gag:Municipality.

?m geo:sfContains gag:0lympila.

37



Answer

gag:0lympiaMunicipality

38



Query |
Find the region of Greece that contains the community

of Ancient Olympia.

SELECT ?m
WHERE {
?m rdf:type gag:Region.

?m geo:sfContains gag:0lympila.

39



Answer

gag:WesternGreece
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Query Il (cont’d)

e The answer to Query Il can be computed by
reasoning about the transitivity of relation
geo:sfContains.

* The GeoSPARQL standard does not cover such
entailed topological relations between spatial
objects. Is this a problem?
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Global Administrative Areas (GADM)
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Nomeclature of Territorial Units for Statistics
(NUTS)
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Knowledge Graphs with Geospatial
Information

* Current extension of Yago2 with geospatial
information including topological relations
between geo-entities.

o

VOGO

elect knowledge
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The Query Rewrite Extension

* Enables the translation of qualitative topological
information appearing in a query to quantitative.

* This is done by rewriting of queries with triple
patterns involving topological relations into queries
with topological functions on geometries.

* The rewriting is based on a set of RIF rules defined
in the standard.



The RDFS Extension

* Enables standard RDFS reasoning for
GeoSPARQL classes and properties.



[ Kyzirakos, Karpathiotakis

The Data Model StRDF & Koubarakis ISWC 2012 ]

 An extension of RDF for the representation of geospatial
information that changes over time.

e Geospatial dimension:
— Spatial data types are introduced.

— Geospatial information is represented using spatial literals
of these datatypes.

— OGC standards WKT and GML are used for the serialization
of spatial literals.

 Temporal dimension

* Proposed independently and around the same time as
GeoSPARQL (starting with an ESWC 2010 paper by Koubarakis
and Kyzirakos). a9



The Query Language stSPARQL

e J|tis an extension of SPARQL 1.1

o |t offers families of functions for querying geometries. The
same functions as in the Geometry Extension and Geometry
Topology Extension of GeoSPARQL.

* In addition the following spatial aggregate functions are

Ofﬁ@f@digeometry strdf:union(set of strdf:geometry A)
strdf:geometry strdf:intersection(set of strdf:geometry A)
strdf:geometry strdf:extent (set of strdf:geometry A)

 Temporal dimension (not covered in this tutorial. See the
ESWC 2013 by Bereta, Smeros and Koubarakis).
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GeoSPARQL vs. stSPARQL

Topology Vocabulary

Extension
- relation family

sSPARQL

Query Rewrite RDFS Entailment

Extension Extension
- serialization - serialization
- version - version
- relation family - relation family



Example of stSPARQL

Compute the parts of burnt areas that lie in coniferous forests.

SELECT “burntArea (strdf:intersection (?baGeom,
strdf:union (?fGeom)) AS ?burntForestfRy,

WHERE { “?burntArea rdf:type noa:BurntArea;

strdf:hasGeometry ?baGeom.
?forest rdf:type clc:Region;
clc:hasLandCover clc:ConiferousForest;

strdf :hasGeometry ?fGeom.

FILTER (strdf:intersects (?baGeom, ?fGeom) ) }
GROUP BY ?burntArea ?baGeom



Geospatial description logics and
geospatial ontology-based data access



Motivation

e Publishing data as RDF and correlating them with linked
geospatial data is useful

e Challenges:

Domain experts (earth scientists, geologists, etc.) and domain

specific applications heavily rely on geospatial databases
Original data are stored in them
Conversion to RDF is not always practical

* Frequent updates
e Large datasets

e Different tools need to be used

— Domain experts

®
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Representing Geospatial
Information in Description Logics

e Use OWL-DL [Katz et al. 2005]

e Define a spatial concrete-domain DL
—ALC(RCCS) [Lutz and Milisic, 2007]
- DL-Lith”,_-,R(RCCB)ngep and Moller, 2012]

e Use OWL and a spatial ABOX
— RacerPro [Wessel-Méoller, 2009]
— PelletSpatial [Stocker and Sirin, 2009]
— [Gritter et al., 2008]
o Keyword queries over spatial OBDA sources [Eiter et al. 2013]

e Spatial ontology-mediated query answering over mobility streams
[Eiter et al. 2017]



Geospatial Ontology-based Data Access

* Geospatial RDB2RDF systems: GeoTriples,
TriplesGeo

* Mapping languages: R2ZRML (W3C standard), OBDA
* OBDA systems:

— Ontop [Rodriguez-Muro et al., JWS’15]

— Ultrawrap [Sequeda et al., JWS'13]
e Geospatial OBDA systemes:

— Ontop-spatial [Bereta & Koubarakis, ISWC’16]

— Oracle Spatial and Graph 12c release 2
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OBDA Mappings

[MappingDeclaration] [[mappingld gag geometry
target gag:geometry/{gid}/ gag:asWKT {geo}**geo:wktLiteral .
source select distinct gid,geom from gag

mappingld clc_geometry

Target clc:/{gid}/ clc:hasGeometry clc:/geometry/{id}/ . clc:/{gid}/ clc:asWKT {geom}
Ageo:wktLiteral .

source select distinct gid, geom from clc

mappingld clc_id

target clc:/{gid}/ clc:haslID {gid} . clc:/{gid}/ clc:hasLandUse {code 00} .
source select distinct gid, geom, code_00 from clc

mappingld  clc_type

target clc:/{gid}/ clc:type clc:type . clc:/{gid}/ rdf:type clc:Area..

source select distinct gid, geom from clc]]



R2RML example

[a rr:TriplesMap ;
rr:logicalTable [a rr:R2RMLView ;

rr:sglQuery "select distinct gid,geom from gag"
rr:predicateObjectMap [ a rr:PredicateObjectMap ;
rr:objectMap [ a rr:ObjectMap , rr:TermMap ;

rr:column  "geo";

rr:termType rr:Literal
rr:predicate clc:asWKT l;

rr:subjectMap [a rr:-TermMap, rr:SubjectMap ;
rr:template gag:{gid}; rr:termType rr:IRI]].



Virtual Triples

clc:20440 rdf:type geo:Geometry;

geo:asWKT “POLYGON(...)"*Mgeo:wktLiteral .
Clc:20512 rdf:type geo:Geometry;

geo:asWKT “POLYGON(...)"*Mgeo:wktLiteral .

gid code_00 id remark area_ha shape_leng shape_area geom

integer| character varying(100) character varying(18)| character varying(20) numeric| numeric numeric geametry
1 20146 Broadl 2avadrFarest FlI-19HE3H FIEYHYE "7 EYT 3234 HEY] L hYNHYR ETHIEDHE?
2 | 20512 DroadLeavedrerest CU-1208€76S 13332793 :35.€822€5719€33, 31753 €203€D0C2
3 20522 BroadLcavedForesL EU 198€831 19247076 €. 178302237180_247075 €1A3E00E2
4 20797 BroadLcavedFerest EU 13681537 82253603 DLEI1Y231E S E225530 E103ED0E 2
5 v 209849 Broadl 2avadrFarest FII-19H181E TRYYASE NS T EYE95 HE T 9YH3D ETHIEDHE?




Example GeoSPARQL query

Select CORINE areas, their land use and the administrative division they
belong to.

PREFIX geo: <http://www.opengis.net/ont/geosparql#>
PREFIX gag: <http://geo.linkedopendata.gr/gag/ontology/>
PREFIX clc: <http://geo.linkedopendata.gr/corine/ontology#>

SELECT DISTINCT ?x1 ?x2 ?lu
WHERE {

?x1 geo:asWKT ?gl.

?x2 geo:asWKT ?g2 .

?x2 clc:hasLandUse ?lu .

FILTER (geof:sfintersects(?gl,?g2))

}


http://www.opengis.net/ont/geosparql
http://geo.linkedopendata.gr/gag/ontology/
http://geo.linkedopendata.gr/corine/ontology

GeoSPARQL-to-SQL translation

SELECT ?x1 ?x2 SELECT ?x1 ?x2
GeoSPARQL qu WHERE{ OR  WHERE{
?x1 geo:asWKT ?g1 . ?x1 geo:sfOverlaps ?
S ?7x2 geo:asWKT ?g2 . x2 }

FILTER (geof:sfOverlaps(?g1,?2g2)) }
Datalog spatially-

enabled program

O

L

Spatial SQL query

-

Geospatial DBMS
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GeoSPARQL-to-SQL translation

GeoSPARQL query

¥

Datalog spatially- ansi1(x1,g1) :- ans2(g1,92,x1,x2)

enabled program ans2(g1,g2,x1,x2) - ans4(g1,g2,x1,x2), SF-OVERLAPS(g1,g2)

ans4(g1,92,x1,x2) :- ans8(g1,x1), ans9(g2,x2)

s ans8(g1,x1) :- http://www.opengis.net/ont/geosparql#asWKT(x1,g1)
cees ans9(g2,x2) :- http://www.opengis.net/ont/geosparql#asWKT(x2,92)
=

Spatial SQL query

-

Geospatial DBMS
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GeoSPARQL-to-SQL translation

GeoSPARQL query

Datalog spatially-
enabled program

Spatial SQL query

Geospatial DBMS

SELECT *
FROM (
SELECT DISTINCT

1 AS "x1QuestType", ...

10 AS "g1QuestType", NULL AS "g1Lang",
CONCAT ('<http://www.opengis.net/def/crs/EPSG/
0/4326> "', ST_AsText(QVIEW2."strdfgeo")) AS "g1"

FROM

geo_values QVIEW1,

geo_values QVIEW2

WHERE
(ST_Overlaps(QVIEW2."strdfgeo",QVIEW1."strdfgeo"
)) AND

QVIEW1."id" IS NOT NULL AND
QVIEW1."strdfgeo" IS NOT NULL AND
QVIEW2."id" IS NOT NULL AND
QVIEW2."strdfgeo" IS NOT NULL

) SUB_QVIEW
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Example GeoSPARQL Query

PREFIX gag: <http://geo.linkedopendata.gr/gag/ontology/>

PREFIX clc: <http://geo.linkedopendata.gr/corine/ontology#>

SELECT distinct ?x1 ?lu
WHERE {
?x1 geo:asWKT ?gl.
?x2 geo:asWKT ?g2 .
?x2 clc:hasLandUse ?lu.
FILTER(geof:sflntersects(?g1,?g2)) }


http://geo.linkedopendata.gr/gag/ontology/
http://geo.linkedopendata.gr/corine/ontology

Raster Data Sources

[[ mappingld  chicago
target {rid} rdf:type :rasterCell ; :hasGeometry {rast}.
source select rid,rast from chicago;
mappingld  gadm
target : {id_0} rdf:type :AdministrativeDivision; geo:hasGeometry :{gid} .
:{gid} geo:asWKT {geom}*geo:WKTLiteral .

source select * from usa_adm2 ]]

GeoTIFF image of Chicago imported in
Data sources PostGIS as table (raster geometries)

CHICAGO[rid | rast]
USA ADM2[gid | id O |iso| name_ O |id 1]|name_1 |id 2| name_2 |geom]

Shapefile describing USA administrative divisions
and boundaries (vector geometries)




Example Query

Retrieve administrative divisions that intersect with raster cells of the
GeoTIFF image of Chicago.

SELECT ?adm
WHERE{
?r rdf:type :rasterCell .
?r :hasGeometry ?rast .
?adm rdf:type :AdministrativeDivision .
?adm geo:hasGeometry ?g .
?g geo:asWKT ?geom .

FILTER(geof:sfIntersectsle~pm,rast)) —__

Vector geometries will Raster geometries will
be bound be bound




Implemented systems, evaluation and
comparison



Strabon (ISWC 2012, ESWC 2013@

Find more at: http://strabon.di.uoa.gr

Strabon \MWSOj

énetloy
GeoSPARQL N
eries ( onews
qu \

' %



http://www.strabon.di.uoa.gr
http://www.strabon.di.uoa.gr
http://www.strabon.di.uoa.gr
http://www.strabon.di.uoa.gr

Strabon - Geospatial features @

Support for:
e stRDF and stSPARQL

 GeoSPARQL (core, geometry extension, geometry
topology extension)

 Multiple Coordinate Reference Systems (CRS)
e Builds on Sesame RDBMS

e Geospatial relational database as back-end (PostGIS,
MonetDB)

e R-tree index



Parliament

* Developed by Raytheon BBN Technologies (Dave
Kolas). Available at: http://
www.parliament.semwebcentral.org/

* First GeoSPARQL implementation. Supports:
— Core
— Topology vocabulary
— Geometry
— Geometry Topology
— RDF entailment
— Multiple CRS
— R-tree index


http://www.parliament.semwebcentral.org/
http://www.parliament.semwebcentral.org/
http://www.parliament.semwebcentral.org/

uSeekM

@ OPEN SAHAR A

Spatial plugin for Sesame by OpenSahara. Supports:
* GeoSPARQL

— Core

— Topology Vocabulary

— Geometry

— Geometry Topology

— RDFS entailment
* No multiple CRS. Only WGS84

* Open source (Apache v2.0). Available at: https://
dev.opensahara.com/projects/useekm



https://dev.opensahara.com/projects/useekm
https://dev.opensahara.com/projects/useekm
https://dev.opensahara.com/projects/useekm
https://dev.opensahara.com/projects/useekm

GraphDB . rontotext

 Developed by Ontotext. Former OWLIM.
* GeoSPARQL support
* Apache Lucene index

* Closed source. Available at: https://ontotext.com/
products/graphdb/editions/



https://ontotext.com/products/graphdb/editions/
https://ontotext.com/products/graphdb/editions/
https://ontotext.com/products/graphdb/editions/
https://ontotext.com/products/graphdb/editions/

Allegrograph ¢-© FRANZINC.

(&)

* Quad store developed by Franz Inc

* Closed source. Available at http://www.franz.com/
agraph/allegrograph/

* No GeoSPARQL support
e Supports only points

* Only a few spatial operations supported (Buffer,
Bounding Box, Distance)


http://www.franz.com/agraph/allegrograph/
http://www.franz.com/agraph/allegrograph/
http://www.franz.com/agraph/allegrograph/
http://www.franz.com/agraph/allegrograph/

Openlink Virtuoso

* Developed by OpenlLink. Available at: http://
virtuoso.openlinksw.com/ Supports:

* No GeoSPARQL
* Points only

— Serialized as typed literals
* Spatial operations (subset of SQL/MM)

* Multiple CRS
e R-tree


http://virtuoso.openlinksw.com/
http://virtuoso.openlinksw.com/

b TN
Stardog %

* Limited GeoSPARQL support:

— WAKT literals. Native support for points. Use of JTS
library for polygons

— Operators
geof:relate, geof:distance, geof:within, geof:nearby,
geof:area

— Geospatial features only offered in enterprise edition



Brodt et al.

e Built on top of RDF-3X by University of Stuttgart

* No GeoSPARQL support

e Geometries represented as typed WKT literals
 Only WGS84 supported

 OGC-SFA spatial operations as SPARQL filter functions

e R-tree supported (but only used for spatial selections)



Perry PhD thesis

* Implementation on top of Oracle 10g by
Wright State University

e Support for SPARQL-ST

* GeoRSS GML serialization of geometries
e Spatial and temporal variables

e Spatial and temporal filters (RCCS, Allen)
* R-tree support



Oracle spatial and Graph AL

Developed by Oracle
GeoSPARQL support
CRS support

Recently added support for virtual RDF graphs
(as of Oracle Spatial and Graph 12c Release 2)



http://ontop-spatial.di.uoa.gr

[ESWC2016, ISWC2016]
Ontology

QMQ
Spatia

‘—b
=
=
@]

SPATIAL
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https://github.com/ConstantB/ontop-spatial
https://github.com/ConstantB/ontop-spatial
https://github.com/ConstantB/ontop-spatial
https://github.com/ConstantB/ontop-spatial
https://github.com/ConstantB/ontop-spatial
https://github.com/ConstantB/ontop-spatial

Architecture overview (extending
Ontop)




Evaluation



Geographica Benchmark

e Evaluation of the state-of-the-art geospatial
RDF stores [Garbis et al., ISWC 2013]

— Real workload
— Synthetic workload

e Stresses all recent systems in heavily spatial
gueries and workload.

* Open source Java framework available at http://
geographica.di.uoa.gr



http://geographica.di.uoa.gr/
http://geographica.di.uoa.gr/

Real workload

Dataset Size #triples #geometries #points per
geometry (avg)
Geonames 45MB 400K 22000 1
DBpedia 89MB 430K 8000 1
LGD 29MB 150K 12000 1
GAG 33MB 4K 325 400
CLC 401MB 630K 45000 140
Hotspots 90MB 450K 37000 4




Execution times in real workload

Quary  Strabon  uSeekM Pafiament Systsm X - Parallel

_ Q1 4233 152.71 OL38
N on Qz 2218 90.23 44.02
topological [ AR 4she A 8

Construct 1 [t 730 15587

Qs 1420 218 22é

functions Q0 2332 38,37
Q7 i
LR
oL}
Q10
Spatial 4 w
) Q12
selections 13
1214
Q135
Q15
Q17
Qi3
(9) G}
Spatial R
.. Qal
joins Qz2
Qz3
nva
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Qa7

System X - Serial

Aggregate
functions Q23




Adding systems with limited geospatial
functionalities

mmmmm Strabon o System X (Par.) mmmmm System Y
m— uSeckM mmmmm System X (Ser.)
s Parliament s Virtuoso
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Geospatial RDF stores vs OBDA



Dataset

Corine Land Cover
(CLC)

Hotspots

Global Administrative
Geography (GAG)

OSM-Buildings
OSM-Landuse
OSM-places
OSM-points
OSM-railways
OSM-roads
OSM-waterways

Table Size

283MB

35 MB
24 MB

42 MB
20 MB
2.4 MB
12 MB
2 MB
250 MB
16 MB

No. of
rows/
geometries

44834

37048
326

155474
40220
13043
61664

4996

514403

20565

Avg #points/
geometry

187.84

5
3020.14

6.5
19.4
1

1
13.3
19
39.84
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Queries

N Query KL BGPs vesults o Query ZIR(IPR rernlis

00 Seuals GALME 1 Y [no|  Within CLC GADVI 2 3

01 Contains GADM.F 1 9|0 [Intersects CADM GADM| 2 1556 Highly
02 Contains GADM P ! U 2| Overlaps GADM CLC 2 17035 | selective query
03 Tiquals GADM L. : : 03| Intersects LGD GADN 3 154725

M Overlaps GADMT. 1 0 G ceets LOD IGD M| 2 [ 2 |

05 Contains GADM L1 00 5| ptersects LGD.GADM | 2

U6 MismesisCIeL = 1 O loti|  Trtersects LGD LGD 1

T Comtaibs CLEL 1 Y Jo7|Crosses LGD LGD Roads| 4 I79002 £ poor
U8 et LS L ! 2 Table 2: Spatial joins description 2
09 Qwverlaps CLOT. 1 (0 R At i selective query
10 Overlaps CLC P | 132

11 Iotersects CLC P 1 333

12 Contains CLCP 1 401

13 Equals CLC_P 1 0

14 Intersccts LGD_P 2 2744

15 Intersect=_1LGD_B3 2 2719

16 Tntersects_LGD_PLL 2 2626

L7 Intersects LGD P 2 2522

1§ Intersects LGD LU 2 2722

19 Intersects LGD_ROA 2 2387

20 Intersects LD _bigP 1 20918

21 Intersects TLGT_F2 3
Table 1: Spatial seleetioms deseription
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Evaluation

MicroSelectionsExperiment-cold MicrojoinsExperiment-cold

le+06 ¢ : le+06 F ;
100000 - ] 100000 |
10000 | 10000 |
1000 | 1000
100 | 100 |
10 | 10 -
1l 1

D O Q> Qp Oy 05 G5 05 Op Qg X Lp 4o L5 Yy s ¥ X5 Yo Yo <o <

B Ontop-spatial
Strabon
BN System O



Translated queries

e Strabon query

SELECT a@.subj, u_s2.value, a2.subj, u_sl.value
FROM aswkt_855211 a@

INNER JOIN geo_values 1_02 ON (1_o02.id = a@.obj)
INNER JOIN geo_values 1_ol ON
((ST_Within(1_ol.strdfgeo, 1_o2.strdfgeo)))
INNER JOIN aswkt_135992 a2 ON (a2.obj = 1_ol.id)
LEFT JOIN uri_values u_s2 ON (u_s2.id = a@.subj)
LEFT JOIN uri values u s1 ON (u sl.id = a2.subi)

 Ontop-spatial query

SELECT 1 AS "s1QuestType", NULL AS "slLang", ('http://geo.linkedopendata.gr/clc/’
|| REPLACE(...sus || '/') AS "s1",

1 AS "s2QuestType", NULL AS "s2Lang", ('http://geo.linkedopendata.gr/gag/ont/"'
|| REPLACE(...'/"') AS "s2"FROM clc QVIEW1,

gag QVIEW2 WHERE QVIEW1."gid" IS NOT NULL

AND QVIEW1."geom" IS NOT NULL

AND QVIEW2.'"gid" IS NOT NULL

AND QVIEW2."geometry" IS NOT NULL

AND(ST_Within(QVIEW1."geom" ,QVIEW2."geometry"))

90



Spatial join query 6: Strabon query execution

[====n
| = HiE ey 51 |__\{ J L 3 1
aswhkl_233040 Hosh Left Juin !" ,ﬂHashJom , Ncchd Loop | | HashJom
f(' ’,.f‘ ! f’ f !
" 4 ‘) " !
I » H-H]ﬂ C - ;’ ! l
S ! f
wrl_values Hash . 1 !
b ! !
& {i !
() e R § ! |
" e f f !
ceo_values Hash ” ! |
:” Hy
e eE ¥
geoindex gea values } !
|
B . T '
| — i Y L s
aswkl_223040 ,r' Hash LeftJoin Hash
ﬂ | v> q—m _’_,"' Result of explain query visualized using PgAdmin 111
uri_values Hash
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DB statistics for spatial join 6

Strabon db statistics

node type count

Hash

Hash Jcin
Hash Lsft Join
Incex Scan

Nested Locp
Sec Scan

4
2
2
1
1
5

sum of times
751.807 ms
78,035.091 me
*4,023.715 ms
| 526,/37.260 ms |
164,863,821.747 s
1,780.555 ms

% of query
0.0 %
0.0%
0.C %
0.2 %

99.7 %
0.0%

Ontop db statistics

Append 1 €99.976 ms 0.1 %
Index Scan 49 | 514,678.104ms| 61.0%
Nested Loop 49 | 326,798.817 s 38.7 %
Result 1 €58.691 ms 0.1%
Seq Scan 49  1,348.070ms 0.2 %

Tables produced using https://explain.depesz.com/
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Performance Evaluation: Strabon vs.

Ontop-spatial on a 30 GB dataset

Operation Selectivity Geometry Strabon Ontop-spatial Remarks
(geof:intersects) types
Spatial Selection high| * (irrelevant) 100 msecs 100 msecs
Spatial Selection low| Point-Polygon 100 msecs 100 msecs
Spatial Selection low Polygon- 500 msecs 100-200 msecs
Polygon
Spatial Join high | Point - Polygon < 1000 msecs < 1000 msecs
Spatial Join high Polygon- 100000 msecs 100000 msecs
Polygon
Spatial Join low Polygon- >40 mins 10 mins Sometimes the
Polygon difference here is

order(s) of
magnitude




Performance Evaluation and Scalability
of Strabon and Ontop-spatial

* Defined and used the benchmark Geographica
(http://geographica.di.uoa.gr/).

e Strabon has better performance and functionality
than Parliament, uSeekM, System X, Virtuoso, System
O, and System Y (longer version of ISWC 2013 paper).

* Ontop-spatial has better performance than Strabon
and System O (long version of ISWC 2016 paper).


http://geographica.di.uoa.gr/
http://geographica.di.uoa.gr/

Scalability

e Strabon and Ontop-spatial can scale to 100GB
of data and answer queries in milliseconds if
the geometries are points and/or the
selectivity of the query is high.

* More complex geometries have an impact on
performance.



Visualizing Time-Evolving Linked
Geospatial Data



Architecture

Find more at: http://sextant.di.uoa.gr
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http://sextant.di.uoa.gr

Thematic Maps

Definition: A thematic map is a type of map designed to show a
particular theme connected with a specific geographic area.
These maps can portray physical, social, political, cultural,
economic, sociological, agricultural, or any other aspects of a city,
state, region, nation, or continent.

Map produced
( URL, mapid )

(SPARQL Endpoints) + ( Gecl’:zprfrt;'s':”e j =




Thematic Maps
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Map Ontology
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Map Sharing

Share maps using map URI, or the load map modal

Map URI: http://<domain>/Sextant/?mapid=<mapl|D>

Visualize a Map

Load Map from MaplID

Map ID

Endpoint Information
Jezse ety for Reqistny’

URI

Port: 50




Temporal Dimension

Strabon DBMS and SIMILE Timeline

Implementation of he valid time component of stRDF and
stSPARQL in system Strabon allows us to query both the spatial
and the temporal dimension. Enriching our results with temporal
information allows us to create layers with valid time. Using the
SIMILE Timeline widget we can make these layers appear and
disappear from the map according to their valid time.



Temporal Dimension

Query example in stSPARQL

PREFIX noa: <http://teleios.di.uoa.gr/ontologies/noaOntology.owl#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX strdf: <http://strdf.di.uoa.gr/ontology#>

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

SELECT DISTINCT (strdf:transform(?hGeo, <http://www.opengis.net/def/crs/EPSG/0/4326>) as ?
geometry) ?time

WHERE {
?h rdf:type noa:Hotspot ;
noa:hasAcquisitionTime ?time;
noa:hasGeometry ?hGeo .
FILTER(?time = "2012-07-18T11:30:00"*"<http://www.w3.0rg/2001/XMLSchematidateTime>)

FILTER (strdf:within(?hGeo, "POLYGON((21.70 38.23, 21.70 38.33, 21.91 38.33, 21.91
38.23, 21.70 38.23));http://www.opengis.net/def/crs/EPSG/0/4326” " strdf:WKT))

}



Temporal Dimension

SEXTANT

Layors
#  Hotepolx R i Q & Y 2 ‘-n
“  Fornen iz wl& v s

- Burmec e a i * e & v 1 alE

Map imformation

Exnlorn

Twitter




Temporal Dimension

SEXTANT




Temporal Dimension
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Temporal Dimension
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Map Metadata
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ERIBRRTIRR] <ot _—

\\( = \‘/ srnredin > Endpolm ':3
hasModificationDate > P { -
v

-~

hasLicense / hasiitle hasinemz2| hasCreatcr ~.__hasJascritpion




Map Registry

Definition: Map registries, are SPARQL endpoints that hold all the
map information and metadata to assist us in saving and
retrieving the maps.

Search fr Maps
o
Map Information Search Parameters
The
Title: Review Demo L
MaplD:  m8stkiizarcblimun, Lioerae
Endpcirt: regairy ——

Numter of luyers: 6
Number of charts: 0
Cate of cmation:  2017.07-08T17:15:58
Oate of medficaton: 2718-05-21111:08:49
Crstar: oA
Licanee: Foa
Themme: Copemicus App | ah
BXIONE | rttpyrwww.cpergia.net det ry EPEG/L 43265
AOLYSON(47.9522T4590003988 3.5083215999039927,
S/ 58227 IINICVES V7457479939099 . 49,527 556
D.7487<473993002900 4€ 521535 1.5033215999930087, Endpoint Information
$7.55227VINI0EE S LOSENVIIPN9RTT) asa oy % Tw3ArY




Predefined Queries

Queries that are created by an expert and are stores as triples in
a SPARQL endpoint. Non-expert users can provide the URL of the
endpoint and get a list of the descriptions of all the predefined
gueries available, then select one and visualize it on the map.
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Predefined Queries

Pradelned Query seleclion X Pradefinad Query sclaction

Provide endpoint URL for queries Provide andpoint URL for querias
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Statistical Charts

Automatic creation of charts over a layer’s attribute
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Statistical Charts

Enhancement of Datasets

* The RDF Data Cube Vocabulary (W3C recommendation).
* Define the dimensions and the measures of the dataset.

» Use the classes qb:DimensionProperty, gb:MeasureProperty, and

the property qb:order from Data Cube to enhance our schema.

* A Self-adjusting query to create all possible charts.



Statistical Charts

Enhancement of Ontology Schema
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Statistical Charts

Enhancement of Ontology Schema

gb:DimensionProperty

has-arrid :
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Statistical Charts

Enhancement of Ontology Schema

qb:MeasureProperty
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Statistical Charts

Self-adjusting Query
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Statistical Charts

Self-adjusting Query
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Statistical Charts

SEIf'a d] usl'l ng Query SELECT Sefect the free dimension(s) anc
the measurement(s)
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> WHERE {
PREFIX tf: <http://data.linkedeodata.eu/talking-fields/ontology#>
Staric part of the query.

SELECT DISTINCT| ?RasterCell ?hasVigor ?hasFertValue ?hasCV

These pallerns represent

WHERE {
?Farm rdf:type tf:Farm . the ontology scheme
?Field rdf:type tf:Field . and lqpartflctuhlarlthe
?RasterCell rdf:type tf:RasterCell . T::j;?ﬂipm::::f
?Field tf:belongsToFarm ?Farm . oy e
?RasterCell tf:belongsToField ?Field . l the attribures)

OPTIONAL { P?RasterCell tf:hasVigor ?hasVigor. } .

OPTIONAL { ?RasterCell tf:hasFertValue ?hasFertValue. } .
The measurements the

OPTIONAL { ?RasterCell tf:hasCV ?hasCV. } .
user selected
?Field rdf:type ?typeField .
FILTER ( ?Field = <http://data.linkedeodata.eu/ Fixed dimension(s)
talking-fields/000001/Field/id/1154> from the user

&& ?typeField = tf:Field ) .

Cemp ete |bound variables with

} n -
ORDER BY ?RasterCell null® so that we can have fixed
size tuples in results


http://data.linkedeodata.eu/talking-fields/ontology%23

Statistical Charts

Self-adjusting Query

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX tf: <http://data.linkedeodata.eu/talking-fields/ontology#>

SELECT DISTINCT ?RasterCell ?hasVigor ?hasFertValue ?hasCV

WHERE {

?Farm rdf:type tf:Farm .
?Field rdf:type tf:Field .
?RasterCell rdf:type tf:RasterCell .

?Field tf:belongsToFarm ?Farm .
?RasterCell tf:belongsToField ?Field .

OPTIONAL { P?RasterCell tf:hasVigor ?hasVigor. } .
OPTIONAL { ?RasterCell tf:hasFertValue ?hasFertValue. } .
OPTIONAL { ?RasterCell tf:hasCV ?hasCV. } .

?Field rdf:type ?typeField .
FILTER ( ?Field =

}
ORDER BY ?RasterCell

<http://data.linkedeodata.eu/
talking-fields/000001/Field/id/1154>
&& ?typeField = tf:Field ) .

SELECT Select the free dimension(s) anc
the measurement(s)

WHERE {

Staric part of the query.

These pallerns represent
the ontology scheme
and in particular the
connection of tha classes
using ohjectProperties.

(we can add here
all the attributes)

The measurements the
user selected

Fixed ¢imension(s)
from the user

Cemp ete |bound variables with
"null® o that we can have fixed
size tuples in results


http://data.linkedeodata.eu/talking-fields/ontology%23

Statistical Charts
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PREFIX tf: <http://data.linkedeodata.eu/talking-fields/ontology#>
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OPTIONAL { P?RasterCell tf:hasVigor ?hasVigor. } .

OPTIONAL { ?RasterCell tf:hasFertValue ?hasFertValue. } .
The measurements the

OPTIONAL { ?RasterCell tf:hasCV ?hasCV. } .
user selected
?Field rdf:type ?typeField .
FILTER ( ?Field = <http://data.linkedeodata.eu/ Fixed dimension(s)
talking-fields/000001/Field/id/1154> from the user

&& ?typeField = tf:Field ) .

Cemp ete |bound variables with

} n -
ORDER BY ?RasterCell null® so that we can have fixed
size tuples in results


http://data.linkedeodata.eu/talking-fields/ontology%23

Statistical Charts

SEIf'a d] usl'l ng Query SELECT Sefect the free dimension(s) anc
the measurement(s)
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> WHERE {
PREFIX tf: <http://data.linkedeodata.eu/talking-fields/ontology#>
Staric part of the query.

SELECT DISTINCT ?RasterCell ?hasVigor ?hasFertValue ?hasCV
These pallerns represent

WHERE {
?Farm rdf:type tf:Farm . the ontology scheme
?Field rdf:type tf:Field . and lqpartflctuhlarlthe
?RasterCell rdf:type tf:RasterCell . T::j;?ﬂipm::::f
?Field tf:belongsToFarm ?Farm . oy e
?RasterCell tf:belongsToField ?Field . l the attribures)

OPTIONAL { P?RasterCell tf:hasVigor ?hasVigor. } .

OPTIONAL { ?RasterCell tf:hasFertValue ?hasFertValue. } .
The measurements the

OPTIONAL { ?RasterCell tf:hasCV ?hasCV. } .
user selected
?Field rdf:type ?typeField .
FILTER ( ?Field = <http://data.linkedeodata.eu/ Fixed dimension(s)
talking-fields/000001/Field/id/1154> from the user

&& ?typeField = tf:Field ) .

Cemp ete |bound variables with

} n -
ORDER BY ?RasterCell null® so that we can have fixed
size tuples in results


http://data.linkedeodata.eu/talking-fields/ontology%23

Statistical Charts

Chart Ontology




Explore

Explore

Provide endpoint URI

http://dbpedia.org/sparql




Explore

ntteschema.onyestval

hitpfdnpadia aglemeledy/Fi mEnatioy
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Explore

Activity 3

Thing/ Activity
+

URI:

http://dbpedia.org/ontology/Activity
Game )

Sales

Sport ©)

Properties:

http://www.w3.0org/1999/02/22-rdf-syntax-ns#type

null

http://www.w3.0rg/2000/01/rdf-schema#label

null

http://dbpedia.org/ontology/wikiPagelD
http:/Awww.w3.0rg/2001/XMLSchema#integer

http://dbpedia.org/ontology/wikiPageRevision|D
http:/Awww.w3.0rg/2001/XMLSchema#integer



Explore

T —

URI:
http://data.linkedecdata.eu/talki
Propertes:

http/f'www.w3.0rg/2000/01 /rdt-
null

http://data.linkadecdeta.eu/talki

I ll:‘.//vm w.w3.ory/20C1/XMLSCHen

nttp/f'www.opengis. nat;‘or‘t/geoa

mEJ/ww,apengisneUmt/;eospaq

http://data.linkedecdata.eu/talki
httpe//data Inkadandata en/alling-fi

http:/fwww.w3.0rg/1 999/02/22-rct=
null

J Create Spatial Filter

aus URE: MDA MRMNOSLA S NEE NG ISR OO MWL

Proparty LRI by Mawe aoengis ot b gaoscanhsalaceet iy

TYPE

RULE

INTERSECTS
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Describe

© i
hitgfdbpedia.ongressute’JCom
httpw"dbpedia.orgreecuTa7 -Eeven
httpu'fdbpedia. omrescote’Aardman_AniTaions
Jdbpedia.ogreecuTtaAbout.com

Jfdbpedia.omrescuta’AcadeTy_of_Motion_Fizture _Ar
ta_and_Sn~encea

Il dbpedi s orgresou 0o ACOrm_Compulers
httpdbpedia armgmanoma/Antivision

g dbpedia orgfrescucad LD, Inc
nttpefdbpedia ammasora/Adnams,_Bawary
Bl dbpedia, orgresou CaAsrmac )
httpfdbpedia o imasoTa’inn

Il dbpedia, orgrescu ta'Alspesc Lic

httpfdbpedia amimasoTa’Alaan an_Armac_Farces
g dbpedia ongrescuca’la Romeo

fdbpedia sryiressuta’Algeran_Pecple's_National_Arm
od_Foroos

Predicate
hpLwww wilong 1999022 2- sy tacnssType
hipuwww. w3.ong/ 1880 2/22--eynia-NErType
Mp L www. wilong 1999022 2.t wsyritax-nsstype
hipuweew. w3.ong/ 19880 2/22-rdf-eynta-neType
hp L www. wiong 19990/ 2 2. vsyritax-nsstyre

Bl wiiong 198002/ 22— dl-wy i lan-resd lyps
hetpufwvew Wl ong/ 19900222 i syt nedType
Ml weew wiing 1898000 2/22- Ty i lae-rwsd Lype
Rt fvon Wil ongy TEERM/S 2. mif sypritn nestype
MG wvew. w3y 198002/ 22 d 1wy la-1vsd lype
hetpuwww wilLam 1999022 2-rtf-syrin-nastypa
MG S wvew w3rg 198002/ 22 d 1wy la-1vsd lype
et wovew wiLong/ 199902/2 2~ f-sytin-naatypa
G S wvew, w3y 1 98002/ 22- A sy lan-resd lype
g slwvww wilong 1990 2/ 22- S -sytax-nertypes

Object

g/ schema.ong/Organ zaton
g/ =chema.ong/Organ 2ation
ntip//'schema.org/Organ zation
g/ =chema.ong/Organ 2ation
tigs'schema.ong/Organ zaton

Il scherrmsong/ Organ 2 lion
tap:/=chama ong/Ongan 2tion
Il A chernmsong/ Organ zalion
g/ sohama ongXngan 2ation
Il A schernrsong/ Organ zalion
e /fachema ong/Xrgan zation
g Aschanms.ong/ Organ zaltion
g /fachema ong/Xrgan xation
g Aschenmaong/ Organ zation
g achema ong/Organ zation
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Describe

AbOUL: MID/CELAC. VeSOV IC M

o Subject
hitpr//chnsdia cog/racourca X om
hitpe'chpadia.wg reourow3ICon
hitp)/'cooedia.org/resources3Com

hitp/'choedia.ong'resource3Com

hitp'chpadia.wg rourowICon
hitpr//ehnadin.cng/recauran30om
hitps Choadia. e reeourowICom
hitpr/‘ehnadin. cng/recauran3Com
I choadia. e reeourowICom
hitpr/chnadia.cng/rasaurcaXGom
s chosdia e reeourowICoM
hitpr/‘choadia.cng/rasaurca3Gom
hitps'choadia, g resourow ICom
hitpr/‘ehnadia.cng/rasaurca3Gom

Predicuts
A RCIANWWWA O T SR 12 7 it - Syn -ns Aty e
il ww3 org1 BEAM2/22 -rd e yndux sty ow
A pOANWWW. 0] IR 2 -~ synkac NS Rty D

AttpoAwwwowd. o 3930222 rdf-synkc-nsity e

Al waw3 org B2/ 22 -rd e yrlax 1isfly ow
At ARG e T IELENE ) et yniare naftyne
Il w3 org B2/ 22 -rd e yrdaxnisfly oe
A RCANWUWWG. O TIEEIA A0 petf . cyniiae - naftynn
LA w3, o1 BERAND222 -rd e yrdax nsfly oo
AR ANWYW 6 AL 7 -t -yt -nasty e
Al w3, o1 BEAND2/22-rd s ynkax-nefly oo
AW 6T AR 2 2 -rtf-aynta -na sty e
LA w3, g1 BEAND2/22-rd - ynkax-nefly oo
AMERCANWWWL 61 3SR 2 2 -retf-aynta -nasty e

Object
et Awwew. s S0 orad® Thing
hilpdbpedis org/ontakogy. Cun pary

Pt Avww.ontolagydesignpattemns. orglon dulD UL owitig
e

FetpAwww.ontoboaydesignpattemns. orglonkidu D UL owlliSo
cinlParson

Il Arww wikidiala, orgfent 1y Q24220396
Fetp/Avww. wikidata. oeg/ant oy QA0

o dbpedia orglontalogy. Al

Fetpe/fdbpadn. ang/antalngy Orpensation

lodfsch mona s/ Crganicalion

Pt Aambel argumbalr T usass

il Aanbel orglambel TG Crgarizalion
Feto:/idbpadin A drasyagorAbsiraction 000027 57
Mo dipedia ong'desa/yag'Comoary 108058008

Feta:/fhpadia ag cirayagaractranizeGompany 10R0EN]
b
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Change Detection Service

+ © 8 Q
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Open Problems



Open Questions (Theory)

 The data complexity of query processing for
stSPARQL and GeoSPARQL has not been studied so
far.

 We have done so only for the original stSPARQL
proposal based on constraints (ESWC 2010).

o Similarly for other interesting problems such as query
containment etc.

 The foundations of Ontop-spatial deserve further
study (comparison with the theory of spatial
description logics).



Open Questions (Practice)

 How can we built an (even more) scalable geospatial
RDF store like Strabon on top of Apache big data
technologies?

— Analyzed the pros and cons of using GeoSpark,
SIMBA and SpatialSpark.

 GeoSpark seems to be the most mature and is
continuously been improved by its developers.

* How can we handle 1012 triples with 108 polygons?
(the volume of geospatial data owned by a national
cartographic agency)



Open Questions (cont’d)

* How do we represent and query raster data on
the Semantic Web?

— Raster extension of Ontop-spatial.
— Array database extension of Ontop-spatial.

— Work on “Coverages in Linked Data” by the
OGC/W3C Spatial Data on the Web working

group.



Other relevant research topics of
Interest

* Natural language query processing for large
geospatial knowledge bases (e.g., Yago2).

 Example queries:
— Find parks in Bonn close to Fraunhofer IAIS.

— Find rivers that cross cities of Greece and their
length is more than 20km.

e Current work in the context of WDAqua (Answering
Questions using Web Data, a Marie Sklodowska-Curie
Innovative Training Network, http://wdaqua.eu/ ).



http://wdaqua.eu/
http://wdaqua.eu/

Thanks! Questions?

For more, see the web page of our group http://
kr.di.uoa.gr .



http://kr.di.uoa.gr/
http://kr.di.uoa.gr/

