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What is RDF, SPARQL and GeoSPARQL?
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Scope of research

Explore the possible Linked data approaches
available to solve a spatial problem.

Linked data approaches to be
compared based on:
* accuracy of the geometries.
+ storage and speed efficiency.
« GeoSPARQL Specification compliance.
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Research guestions

To what extend is it feasible to solve spatial problems (positioning
a shopping centre) with a linked data approach using relational
spatial data?

To answer this question, a series of sub-questions should be answered:

« What are the possible linked-data approaches to position a new
shopping centre in Delft?

» To what extend do the different approaches follow the GeoSPARQL
specification?

« What benefits and drawbacks do the different linked-data approaches
offer over approaches with relational data?

« How efficient is every approach, in terms of speed of execution and
storage requirements?
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Case study

[ 1 spatial_plans
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Shopping center positioning criteria

Located in Delft.

Distance from train station <1500 m.
Distance from a local main road <1500 m.
Inside Planning zones

Area over 1500 sqg.m.
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Materials and Methods
Tools

Oracle Spatial and Graph
omeaeq2c Q
QGIS
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Materials and Methods
|deal Linked data Architecture
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Materials and Methods
Designed Linked data Architecture
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Materials and Methods
Methodology

Step 1. Dummy data and Oracle Spatial and Graph
Step 2: Forming a Sample spatial query

Step 3: Real Data Loading

Step 4: QGIS approach

Step 5: PDOK approaches - GeoSPARQL endpoint
Step 6: PDOK approaches - API

Step 7: Oracle Spatial and Graph approaches - Direct

mapping
Step 8: Oracle Spatial and Graph approaches - RZRML
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Materials and Methods
Data

Dummy data-set
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Results
Dummy data and Oracle Spatial and Graph

- +—1- nghllghts
=1 \% Supports spatial queries.
— e Supports spatial queries with
1 %/ 1L I combination of different geometry
‘\ — serializations.
| % §\§ 5‘ Problems
— l\ \‘ | - * Tolerance.
g (L b e Dummy data SRID.
T — * Duplicate geometries.
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* |Ds of triplets.

* Inference not 100% in SPARQL.
 Inference not successful.

Dummy data: Linked-data solution
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Results
Forming a Sample spatial query

nghllghts

Two geometries returned.

?0A rdf:type :lot. ?0A rdfs:label "train station" @EN.

?0A gsp:hasGeometry/gsp:asWKT ?wkt. * One of the geometries returned
?oL rdf:type :lot. ?oL gsp:hasGeometry/gsp:asWKT ?wkt_|. . . .

?0Z rdf:type :zone. ?0Z gsp:hasGeometry/gsp:asWKT ?wkt_z. IS OUtS|de the plannlng zone

?0bR rdf:type :road. ?0bR gsp:hasGeometry/gsp:asWKT ?wkt_r.

?0bR rdfs:label "main road" @EN. (tOp One)'

BIND(ogcf:distance(?wkt_r, ?wkt_|I,

<http://xmlns.oracle.com/rdf/geo/uom/M>) as ?main_road_dist).

BIND(ogcf:sfWithin(?wkt_I, ?wkt_z) as ?within_zone). P ro b I e m S

BIND(ogcf:distance(?wkt, ?wkt_|,

<http://xmins.oracle.com/rdf/geo/uom/M>) as ?train_dist). * J|tshould be adjusted to match the
BIND(orageo:area(?wkt_I, "unit=SQ_M") as ?lot_area). .

FILTER(?train_dist > 0 && ?train_dist < 1500 && (?within_zone = true) d |ffe rent a pproaCheS-

&& ?lot_area > 1500&& ?main_road_dist < 1500)

Sample Query fulfilling the criteria.
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Results
Data Loading

nghllghts Problems
Relational data needs spatial metadata * SRID transformation on-the-fly
update to create spatial index. might be missing accuracy.

* Linked-data with more than 4000 bytes * Huge volume of data
(or 4000 characters) need to be stored (13Gb in compressed form) didn’t
using CLOB datatype and methodology. allow CLOB transformation.
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Results
QGIS solution (Benchmark solution)

S48 Highlights
o « Distances have been
S translated into buffers.
4 Geometries returned.
* Area of buildings calculated
and stored.

Problems

e Crushing due to overload.

* Slow spatial analysis.

e Buffer accuracy depends
on number of vertices.
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SELECT 2wkt2

Results
PDOK approaches - GeoSPARQL endpoint

} limit 5
i || Table Response | PivotTable = Google Chart m
p: Add a label variable prefixed with the geo variable name to show popups on the map. E.g. uk
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Deligauw

Schipluiden

PDOK GeoSPARQL endpoint query

Oude Les

H ighlights
Wide range of data-sets among
them BAG and BRT datasets.

e Supports spatial functions.

* Does not hold GML Serialization of
geometries.

* Order of queries affects result.

* Supports immediate visualization.

* Feature class is not disjoint from
geometry.
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Results
PDOK approaches - GeoSPARQL endpoint
\/‘"' //i R A) ova. 7 Gedefinieerde klassen Query Query1 x  +

prefix owl: <http://www.w3.org/2002/07/ouls>

3
4 prefix brt: <http://brt.basisregistraties.overheid.nl/def/toplonly:
5 prefix geospargl: <http://www.opengis.net/ont/gecsparqle>
& PREFIX ogcf: <http://www.opengis.net/def/function/geosparql/>
7 PREFIX og: <http://ogp.me/ns#>
8 PREFIX ogc: <http://www.opengis.net/def/>
9 select ?gemeente ?geom fwkt

1@ = where {

11 fgemeente a brt:Gemsente .

12 tgemeente rdfs:label "Delft"@nl.

13 #2gemeent brt:pgeometrie [ geosparql:asWkT fwkt.

14 |}

e Response  PivotTable Google Chart Geo | %

e Showing 1to 1 .of 1 entries (in 0.041 seconds)
" ) \ 4 gemeente
X ' o\
\ Noord-West { a1 http:/fbrt_basisregistraties overheid nltop10nlid/registratief-gebled/1 26538680
o i ]

PDOK GeoSPARQL endpoint query Gemeente Delft

]
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Results
PDOK approaches - GeoSPARQL endpoint

1 S X kadaster
ShoomiK / L G SENA Meerzicht
X ,;ﬁ
Mk \ £ - .}_\7 \ Begrippen Waardelijsten Model Objecten Kaart API Documentatie e

—

DePur > s
& json el xml
Type Gemeente (Zelfstandig, zelfbestuur en autonomie bezittend onderdeel van de staat Nederland, onder het bestuur van een raad, een burgemeester en
wethouders.)
A RegistratiefGebied (Op basis van wet- en regelgeving afgebakend gebied dat als eenheid geldt van politieke/bestuurlijke verantwoordelijkheid of voor
Pijnacker bedrijfsvoering.)
% brontype externe data
”~
R visualisatieCode 17020
nummer 0503
Berkel en Roden
bronnauwkeurigheid 20
Oude Leede 4
5 naamOfficieel Delft
4
tijdstipRegistratie 2015-03-28
> /
/ bronactualiteit 2015-01-01
bronbeschrijving Externe data: Gemeentegrenzen. Gemeentegrenzen gebaseerd op grenswijzigingen in de Basisregistratie Kadaster (BRK). De gemeentegrenzen zijn

gegeneraliseerd in de BRT opgenomen.

Schiebroek objectBeginTijd 2013-10-26

? tdnCode 801
\\ \ J
| ¢ f\* naamNL Delft
)
%, Noord-West . "\
— > \ g n y Dat: t http://brt.b: traties. heid.nl/id/datz t/top10nl
\ Overichie = inDatase p://brt basisregistraties.overheid.nl/id/dataset/top10n

PDOK GeoSPARQL endpoint query Gemeente Delft
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Results
PDOK approaches GeoSPARQL endpoint

Problems

* Misspelled queries
return results.

PDOK GeoSPARQL endpoint query misspelling error
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Results
PDOK approaches - GeoSPARQL endpoint

Gedefinieerde klassen Query Query 1 Query 2 + P ro b I e I I I S

7 PREFIX ogc: <http://www.opengis.net/def/> .

8 PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> () S t m t
9 SELECT ?gebouw ?wkt2 erver I e Ou °
10 = where{

11 ?gemeente a brt:Gemeente .

12 ?gemeente rdfs:label "Delft"@nl.

13 ?gemeente brt:geometrie / geosparqgl:asWKT ?wktil.
14

15

16 ?gebouw a brt:Gebouw.

17 ?gebouw brt:geometrie / geosparql:asWKT ?Pwkt2.
18 ?gebouw brt:status ?status.

19 filter(ogcf:sflWithin(?wkt2, ?wktl))
20} limit 75

[n]
®
o
I«

[ Response Pivot Ta

Gateway Time-out (#504)

Google Chart

<html>

<head><title>504 Gateway Time-out</title»</head>

<body bgcolor="white">

<center><h1>504 Gateway Time-out</h1></center>
<hr><center>nginx</center>

</body>

</html>

<I-- a padding to disable MSIE and Chrome friendlv error page -->

PDOK GeoSPARQL endpoint query time out
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Results
PDOK approaches - GeoSPARQL endpoint

7 | PREFIX ogcf: <http://www.opengis.net/def/function/geosparqgl/>
8 PREFIX geospargl: <http://www.opengis.net/ont/geospargl#>

0 | e seomecat Problems

10 2?gemeente a brt:Gemeente.

11 ?gemeente rdfs:label "Delft"Enl. .

12 ?gemeente brt:geometrie / geospargl:asWKT ?wktl. o Se rve r tl m e O u t "
13 ?gebouw a brt:Gebouw.

14 ?gebouw brt:geometrie / geospargl:asWKT ?wkt2.

15 ?plan a brt:Bedrijventerrein.

16

?plan brt:geometrie / geospargl:asWKT ?wkt3.
BIND( (ogcf:sfwithin (?wkt3, 2wktl)) as ?res).
BIND( (ogcf:sfwithin(?wkt2, 2?wkt3)) as ?res2).
FILTER (?res=TRUE&&?res2=TRUE)

Jlimit 1]

o3 Response | Pivot Table = Google Chart = Geo

Gateway Time-out (#504)

I«

<html>

<head><title>504 Gateway Time-out</title></head>
<body bgcolor="white">

<center><h1>564 Gateway Time-out</hl></center>
<hr><center>nginx</center>

</body>

</html>

PDOK GeoSPARQL endpoint query time out
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Results
PDOK approaches - GeoSPARQL endpoint

PREFIX ogcf: <http://www.opengis.net/def/function/geosparqgl/>

PREFIX geospargl: <http://www.opengis.net/ont/geospargl#> P ro b I e I I I S

7
S v SELECT 7?wkt3 WHERE {
0 ?gemeente a brt:Gemeente. [ ] Du plicate ReSUItS-
11 ?gemeente rdfs:label "Delft"@nl.
2 ?gemeente brt:geometrie / geospargl:asWKT ?wktl.
3

?gebouw a brt:Gebouw.

14 ?2gebouw brt:geometrie / geospargl:asWKT 2wkt2.
15 ?gebouw rdfs:label ?wkt2Label.
16 7plan a brt:Bedrijventerrein.

17 ?plan brt:geometrie / geospargl:asWKT ?wkt3.
?plan rdfs:label ?wkt3Label.
filter (ogcf:sfwithin(?wkt3, ?wktl)).

S Ue v &)

}

(S
=

g Response  Pivot Table = Google Chart = Geo *

Showing 1 to 50 of 519 entries (in 60.175 seconds)

PDOK GeoSPARQL endpoint query Duplicate geometries

]
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Results
PDOK approaches - GeoSPARQL endpoint

1~ PREFIX rdfs: <http://www.w3.org/2088/01/rdf-schemads

g 2 |PREFIX brt: <http://brt.basisregistraties.overheid.nl/def/topl@nl#:
ﬂ/ 3 |PREFIX ogcf: <http://www.opengis.net/def/function/geosparglys:
g 4 |PREFIX geospargl: <http://www.opengis.net/font/geosparqglés

S+ SELECT distinct ?wkt3 WHERE {
B ?gemeente a brt:Gemeente.
7 ?gemeente rdfs:lsbel "Delft"@nl.
B *gemeente bri:geometrie / geospargl:ssWKT Zwktl.
] !plan a brt:Bedrijventerrein.

1a ?plan bri:geometrie f geospargl:askKT dwkt3.

11 FILTER (ogcf:sfliithin(?wkt3, wktl))}

\
3 Response | Pivot Table | Google Chart | Geo k3
uden

Showing 1 to 20 of 20 entries (in 2.575 seconds)
PDOK GeoSPARQL endpomt spatial plans in Delft correct query

24
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Results
PDOK approaches - API

API Link 1: https://data.pdok.nl/sparq|
API Link 2: https://data.labs.pdok.nl/sparql

Highlights
 PDOK’s API requires 3 certificates.

Oracle Wallet Manager is used to store certificates to sites
that have additional security.

Problems
Unknown error did not allow Oracle to access the API.
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Results

PDOK approaches - GeoSPARQL endpoint

'SELECT *
WHEEE |
SERVICE <http://lod.cpenlinksw.com/spargl/> {

SELECT 23 2p 20
WHERE [ 23 2p %0 |
LIMIT 10

{} SSROFTERM |4 psroFTERM | osroFTERM
1 <http://www.openlinksw.com/schemas/virtrdf#DefaultServiceMap-pquad> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf#QuadMapAT
2 <http://www.openlinksw.com/schemas/virtrdf#DefaultQuadMap-pquad> <http://www.w3.0rg/1999/02/22-rdf-syntax-nsgtype> <http://www.openlinksw.com/ /virtrdf#QuadMapAT
3 <sys:qmv-b£d922693595ebbbdef4058dc27adbbé-atable-r-DB.DBA.RDF_IRI_RANK C> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf#QuadMapAT
4 <sys:qmv-e44£89e00951aceléb9a2eddE325£4cE-atable-r-DB. DBA.RDF_IRI_RANK C> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns¢type> <http://www.openlinksw.com/ /virtrdf#QuadMapAT
5 <http://www.openlinksw.com/schemas/virtrdf#DefaultServiceMap-G-col-G> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf#QuadMapCo
6 <http://www.openlinksw.com/schemas/virtrdf#DefaultServiceMap-0-col-0> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf#QuadMapCo
7 <http://www.openlinksw.com/schemas/virtrdf#DefaultServiceMap-P-col-F> <http://www.w3.0rg/1999/02/22-rdf-syntax-nagtype> <http://www.openlinksw.com/ /virtrdf#QuadMapCo
8 <http://www.openlinksw.com/schemas/virtrdf#DefaultServiceMap-5-col-5> <http://www.w3.0rg/1999/02/22-rdf-syntax-nagtype> <http://www.openlinksw.com/ /virtrdf: dMapCo
9 <http://www.openlinksw.com/schemas/virtrdf#DefaultQuadMap-G-col-G> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf# ]
10 <http://www.openlinksw.com/sch /virtrdf#DefaultQuadMap-0-col-0> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.openlinksw.com/ /virtrdf#QuadMapCo

Accessing bbc’s (http) API using Oracle.

]
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Results
Oracle Spatial and Graph approaches - direct mapping

Person

£Person#AGE> Person#NAME>

<Person/ID=1> <Person/ID=2>

City <Personfref-CID>
<Person#iref-CID=>

CID | NAME
. <Person#NAME>
<City/CID=100>

ID | NAME | AGE | CID
1 Alice 25 100
2 Bob NULL | 100

100 Austin
200 Madrid

<Person#NAME=

<City/CID=200> | Madrid |

Direct mapping example

]
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Results

Oracle Spatial and Graph approaches - direct mapping

ML Mapping
8 Triples Map
334 Logical Table
... @@ Table Name
i~ @ SubjectMap
i) Term Type
|:| RDFS Class
}-*= Predicate Object Map
-+ Predicate Map
= @ Object map
Column Name
D Data Type
340 Predicate Object Map
i-.ap Predicate Map
(- ® Object map
@8 Column Name
L. ) DataType
B Triples Map
B Triples Map
B Triples Map

Generates triples fromEVANGELOS.DELFT_PARCELS_S Table
EVANGELOS.DELFT_PARCELS_S
"VEVANGELOS\".\'DELFT_PARCELS_S\"™

<http://www.w3.org/ns/r2rml #BlankMNode >
<http://www.example.org/geometries/DELFT_PARCELS _S>
<http:f/www.example.org/geometries/DELFT_PARCELS_S#OBJECT _ID> -> OBJECT_ID
<http://www.example.org/geometries/DELFT_PARCELS_S#O0BJECT_ID>

“\"OBJECT_ID\™

<http: f/www.w3.0rgf200 1/XMLSchema=integer >
<http://www.example.org/geometries/DELFT_PARCELS_S#PARCEL_GEOM> -> PARCEL _GEC(
<http: //www.example.org/geometries/DELFT_PARCELS_S#PARCEL_GEOM>=>

"\'PARCEL_GEOM\™
<http://www.opengis.netfont/geospargl #wktliteral >
Generates triples fromEVANGELOS.GEBOUW _VLAK_S Table
Generates triples fromEVANGELOS.WEGDEEL_VLAK_S Table
Generates triples fromEVANGELOS.SPATIAL_PLANS Table

Direct mapping in Oracle

“]
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Results
Oracle Spatial and Graph approaches - direct mapping

L Map legend

[ selected_buildings

B train station

spatial_plans

[ buffer from trainstation

[ buffer from local/regional roads

Hi

ghlights

6 Geometries returned.

Supports data with different SRIDs.
Supports spatial functions.

Can hold GML Serialization of
geometries.

Order of queries affects
performance.

Can combine Linked-data with RDF
Views.
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Oracle Spatial and Graph approaches - direct ma
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Results

1 SELECT distinct lérdfterm, psrdfterm
FROM TABLE (SEM_MATCH( '

SELECT 21 2p
WHERE {

}

1N
SEM_MODELS('gecmetries' ) , NULL, SEM ALIASES(SEM ALIAS('p', 'http://www.example/geometries/DELFI_PARCELS_S#'),
SEM_ALIAS('ex', "http://wwwW.example/geometriea/'),

SEM ALIAS('','http://www.example.org/gecmetries/')), NULL, NULL, 'PLUS_RDFI=VC')) order by 1,2;

{21 rdf:type :lot.

?1 ogc:hasGeometry ?geom.

?geom ogc:asWKI ?wkt.]} UNION{ SELECT * WHERE {SERVICE orardbm:DELFI_PARCELS view [ select * where [?p rdf:type ex:DELFI_PARCELS S.
?p p:PARCEL_GEOM ?wktp. } }}

16
17
18

{} LSRDFTERM

[ psroFTERM

<http:
<http:
<http:
<http:
<http:
<http:
<http:
<http:
<http:
(null)
(null)
(null)
(null)
(null)
(null)
(null)
(null)
(null)

7 /v
/v
/v
/v
/v
/v
/v
/v

/v

example
example
example
example
example
example
example
example
example

.org/gecmetries/lot24> (null)
.org/geometries/lot2> (null)
.org/gecmetries/lot3> (null)
.org/geometries/lotd> (null)
.org/geometries/lot5» (null)
.org/geometries/loté> (null)
.org/geometries/lot7> (null)
.org/geometries/lotg> (null)
.org/geometries/lot%> (null)

_:m222mBlankNode1002900CEBIFE322
_:m222mBlankNode100476CCEDE16473
:m222mBlankNode100647A735B70BFC
_:m222mBlankNode1006D38F7EFDB3A8
_:m222mBlankNode100DADIBE9294CD7
_:m222mBlankNode100E2E22EEESBAOS
_:m222mBlankNode10107119CD40ACSD
_:m222mBlankNode10194EEBB3EC929

_:m222mBlankNode1019F6EF511FDOSA

Combining Linked-data and RDF Views

N
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Results
Oracle Spatial and Graph approaches - direct mapping

| SELECT distinct bérdfterm, wktbérdfterm
FROM TABLE (SEM_MATCH( '

EE Problems

{ ?p rdf:type ex:DELFT_PARCELS S.

T i s. o bt e, *  On-the-fly transformation from one

?b rdf:type ex:Gl
b U ? TYPEGEBOUW "overigl|treinstation”. ?b2 bu:GEOM ?wktb2. .
, VLAK S. ?r ro:TYPEWEG "lckale weg|regicnale weg”. 2r ro:GEOM ?wktr. SRI D to another Can Iack In accu racy.
?pl rdf:type ex:SPATIAL PLANS. ?pl pl:GECM ?wktpl.

FILTER( (ogcf:distance(?wktb2, 2?wktb, <http://xzmlns.oracle.com/rdf/geo/uom/M>)) < 1500 &&

{ogcf:distance (?wktb2, ?wktb, <http://xmlnsa.oracle.com/rdf/geo/uom/M>)) > 0 & b Featu re Class Ca n’t be disjoint from

(orageo:area (2wktb, "unit=5Q M")) > 1500 &g
{cgcf:distance (?wktr, ?wktb, <http://xmlns.cracle.com/rdi/gec/ucm/M>)) < 1500 &&

(ogcf:sfWithin (?wktb, ?wktpa)) &s geomet ry-

(ogcf:sfWithin (7wktb, 2wktp)))

SE{_}’!{‘:E}ELS('gecme:nea ir_wview') , NULL, SEM ALTASES(SEM ALIAS('bu', 'http://www.example ¢ Does nOt Support InferenCIng

.org/gecme!
SEM_ALIAS('pa’, "http:/ example.org/geometries/DELFT_PARCELS_S5%"),

SEM RLTAS (151 85 v <13 e e/ SPRTIRL FLASH' without materialization of the view.

SEM ALIAS('ro', "http://www.example. /WEGDEEL_VLAK S#'),
!Sm_ALIAS ('ex', "http://wWwW.example.org/geometries/")), NULL, NULL, ' PLUS_RDFI=VC ")) :

R T — ' e Combining more views in a
guery can scale up the processing
time significantly.
* Each table has a prefix.
Direct Mapping Solution * Misspelling creates results.
e ltrequires spatial index both in
relational data tables and in
Linked-data.

"<http://ww.opengis.net/des/cra/EPSG/

“]
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Results
Oracle Spatial and Graph approaches - R2ZRML

YL Highlights

%

%

&#%% [ selected_buildings
Il trai i

el 6 Geometries returned.

St e Supports data with different SRIDs.
e Supports spatial functions.

 Can hold GML Serialization of

geometries.
e Order of queries affects
* performance.
e LA  Can combine Linked-data with RDF
"~ R2RML Mapping Solution Views.

“]
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Results
Oracle Spatial and Graph approaches - R2ZRML

ex:TriplesMap_parcels

rr:logicalTable [ rr:tableName "DELFT_PARCELS" ];
rr:subjectMap |

rr:template "http://www.example.org/parcel#{OBJECT ID}";
rr:class ex:parcel;];

rr:predicateObjectMap |
rr:predicate ex:id;
rr:objectMap [ rr:column "OBJECT_ID" ; rr:datatype xsd:integer ];];

rr:predicateObjectMap |
rr:predicate ex:geom;
rr:objectMap [ rr:column "PARCEL_GEOM" ];].

33



Results

Oracle Spatial and Graph approaches - R2ZRML

Node
= R2RML Mapping
=04 Triples Map
=3 Logical Table
. i..E Table Name
Subject Map
@ String Template
El RDFS Class
-0 Predicate Object Map
i--e) Predicate Map
= ® Object map
# Column Name
D Data Type
-0 Predicate Object Map
(- @ Object map

. @ Column Name
L..ef) Predicate Map
-0 Triples Map

(-0 Triples Map

EB---D@ Triples Map

]
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Description/Value

Generates triples fromDELFT_PARCELS Table
DELFT_PARCELS
"DELFT_PARCELS"

“hitp: /fwww.example.orgfparcel#{0OBJECT_ID}"

<http: //www.example .org/geometries #parcel >

<http: /fwww.example.org/geometries £id > -> OBJECT_ID
<http://www.example.org/geometries =id >

“OBJECT_ID"
<http: ffwww.w3.0rg/200 1/XMLSchema Zinteger >
<http://www.example.org/geometries#geom > -> PARCEL_GEOM

“PARCEL_GEOM®

<http: /fwww.example.org/geometries £geom >
Generates triples fromGEBOUW _VLAK_S Table
Generates triples fromWEGDEEL _VLAK_S Table
Generates triples fromSPATIAL_PLANS Table

R2RML mapping in Oracle
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Results
Oracle Spatial and Graph approaches - R2ZRML

/ ~ =( EVANGELOS.DELFT_PARCEL

rritableMame

/

\ rr:subjectMap

TriplesMap_delft_parcel

rr:iclass

http:/fwww.example.org /d
elft_parcels/{OBJECT_ID}

B exa:parcel

—a
rripredicate

- gsp:hasGeometry

rr:predicateObjectMap

\

mobjectMap [ r:template " \"parcel {OBJECT_ID} geom\"" ]

R2RML mapping

y
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Results
Oracle Spatial and Graph approaches - R2ZRML

Problems during the mapping process

* Can’t have Feature class with disjoint geometry.
 The mapping should be inserted using N-triples but it is written in Turtle.
* If the relational table column types are of fixed length

it will produce Object string values with random number of

preceding and/or trailing spaces that are translated into “%20”

for each space.

]
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Results
Oracle Spatial and Graph approaches - R2ZRML

I SELECT distinct b$rdfterm, wktb$rdfterm
FROM TABLE (SEM_MATCH( '

Problems
* On-the-fly transformation from one
o ) SRID to another can lack in accuracy.
* Feature class can’t be disjoint from
geometry.
Does not support inferencing
= without materialization of the view.
RZRI\;IL Mapping Solution e Misspelling creates results.
* |trequires spatial index both in
relational data tables and in
Linked-data.

P
2p
7b
2b
2p
2p

“]
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Conclusion

]
TUDelft

Summary of solutions

Criteria Dummy Data GeoSPARQL endpoint | PDOK API Direct Mapping R2RML Mapping
SPARQL v X X v v
Spatial object v X X X X
disjoint from
geometry
WKT serialization v v X v v
GML serialization v X X v v
Topological v v X v v
functions
Non-topological v v (GeoSPARQL) X v v
functions
Topological X X X X X
Inference
Non-topological X X X X X
Inference
Solution on use X(possible) X X v v
case
Speed of solution X X X 140 Second 61 Second
Storage Linked-data X X Relational data + Meta-data Relational data + Meta-data
requirements
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Conclusion
Geometry results

Discrepancies between QGIS solution and proposed mapping solutions.

¥

X, P AT e A S N,
% G QAN AN

Map legend

[ selected_buildings

I train station

|| spatial_plans

[ buffer from trainstation

[ buffer from local/regional roads

Mapping solutions

QGIS solution

]
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Conclusion

on the Research Problem
Answering the sub-research questions:

* What are the possible linked-data approaches to position a new shopping
center in Delft?

« To what extend do the different approaches follow the GeoSPARQL
specification?

*  What benefits and drawbacks do the different linked-data approaches offer
over approaches with relational data?

*  How efficient is every approach, in terms of speed of execution and storage
requirements?

Answering the research question:

To what extend is it feasible to solve spatial problems (positioning a shopping
center) with a linked-data approach using relational spatial data?

“]
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further research

Maturation of Linked-data technology.

* Improve support for geometries in Linked-data
format.

* Improve stability and optimization of queries.
 Allow visualization.
* Improve error reporting.

o]
TUDelft
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Thank you for your attention!
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