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Abstract

The Web of Data represents an intermediate step towards the Semantic Web. Constructing links
among different Resource Description Framework (RDF) datasets is a key issue in the Web of Data.
An identity link aims to match entities from different datasets and is an important type of RDF
link. There are many approaches to constructing identity links between geospatial entities. This
paper adopts the Hausdorff distance to compute the location and shape similarity between two
entities. Because the computation of the Hausdorff distance is complex and geospatial data in-
trinsically large, the entire matching process is very time consuming. This paper proposes a
Map-Reduce-based framework to parallelize the similarity computation, significantly reducing the
runtime. This approach was verified to be effective in an experiment using data from Nomencla-
ture of Territorial Units for Statistics (NUTS) and Database of Global Administrative Areas (GADM).
The matching precision was high, and with the utilization of the proposed parallel framework, the
runtime was reduced to only approximately 3 h on 8 nodes; in contrast, when run on 1 node, the
runtime exceeded one day.
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Figure 1. Finding matches between geospatial datasets A and B
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Table 1. Hausdorff similarity-matching algorithm
%2 1. Hausdorff #8100 E ILELE £

529%: Hausdorff AHALLE [E] 57 Sk

map(key, value){
/*key: void*/
/*value: identity + coordinates of one entity from GADM*/
for(i=0; i<NUTS. size; i++){
sim = HausSim(NUTS[i].coordinates, value. coordinates)

emit(NUTS[1].identity, value. identity + sim)

}
}

reduce(key, value){
/*key: identity of one entity from NUTS */
/*value: identities of entities in GADM + their Hausdorff similarities with the entity in the key */
while(value. hasNext){
if(value.sim>maxSim){
maxSim=value.sim;
maxIden=value.Ilden

i

if(maxSim>threshold)
emit(key, maxIden)
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Figure 2. Map-Reduce workflow. Dataset B is split using Map-reduce, whereas dataset A is shared
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Figure 3. Experiment workflow
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Bk, B NUTS2 HHFEHUI R A1 N GADM 54311 geosparql#ftasWKT SCAFAC PR A /AE X, DAt
Map-Reduce FH, FHorArge Jy == (A SEAA ) URL, {2 Hoad S AR FR o

X
rdfs:label geo:asWKT

rdf:type
Geom_AUT_admO0_16 MultiPolygon

geo:hasGeometry

rdf:type
rdf:type geo:asWKT
B v v
(2)

<http://geop.whu.edu.cn/GeoData#AUT_admo_16>
<http://geop.whu.edu.cn/GeoData#name> "Austria"@en
<http://geop.whu.edu.cn/GeoData#AUT_adm@_16> <http://www.w3.0rg/1999/02/22-
rdf-syntax-ns#type>

<http://geop.whu.edu.cn/GeoData#featureWithoutClass> .
<http://geop.whu.edu.cn/GeoData#AUT_adm@_16> <http://www.w3.0rg/1999/02/22-
rdf-syntax-ns#type>

<http://geop.whu.edu.cn/GeoData#AUT_admo>
<http://geop.whu.edu.cn/GeoData#AUT_adm@_16> <http://www.w3.0rg/1999/02/22-
rdf-syntax-ns#type>

<http://www.opengis.net/ont/geosparql#Feature>
<http://geop.whu.edu.cn/GeoData#AUT_admo_16>
<http://www.w3.0rg/2000/01/rdf-schema#label> "16"@en
<http://geop.whu.edu.cn/GeoData#AUT_admo_16>
<http://www.opengis.net/ont/geosparql#hasGeometry>
<http://geop.whu.edu.cn/GeoData#Geom_AUT_adm@_16>
<http://geop.whu.edu.cn/GeoData#Geom_AUT_adm@_16>
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type>
<http://www.opengis.net/ont/sf#Polygon> .
<http://geop.whu.edu.cn/GeoData#Geom_AUT_admo_16>
<http://www.opengis.net/ont/geosparql#asWKT>

“POLYGON ((10.454459190368652 47.55573654174805, 10.454330444335938

47 .55569458007835, ...

10.454459190368652

47 .55573654174805) ) "~"*<http://www.opengis.net/ont/geosparql#wktLiteral>
<http://geop.whu.edu.cn/GeoData#Geom_AUT_admo_16>
<http://www.opengis.net/ont/geosparql#asWKT>

(b)

Figure 4. The data for Austria. (a) Austrian data shown in the RDF graph. (b) Austrian data shown in N-TRIPLES format
& 4. BFIHIE. ()8 #F] RDF El; (b)BEithF] N-TRIPLES & ##E
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nuts:AT rdf:type ramon:NUTSRegion .
nuts:AT rdfs:label "AT - OSTERREICH" .
nuts:AT ramon:name "OSTERREICH" .
nuts:AT ramon:level "@"~~<http://www.w3.0rg/2001/XMLSchema#integer> .
nuts:AT ramon:code "AT" .
nuts:AT ngeo:geometry nuts:AT_geometry .
nuts:AT_geometry dc:rights "© EuroGeographics for the administrative
boundaries." .
nuts:AT_geometry rdf:type ngeo:Polygon .

nuts:AT_geometry ngeo:exterior _:d1el927 .
:d1le1927 rdf:type ngeo:LinearRing .
:d1e1927 ngeo:posList (
[ geo:long "9.620600550000063";

geo:lat "47.151568250000054" ]

[ geo:long "-1.129388949999935";

geo:lat "46.31027975" ]

) .

Figure 5. A portion of the Austrian data in NUTS
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DIE BRI &, ARG, XA EERIIG, KONBEE A IER S L R 3R 2 VS HL T N ™ &,

Table 2. Matching result
2. LELEER

K Sk K [N i6ess IEWULRCHCR it )3 EEJCIES

NUTS 2 317 169 163 96.4% 51.4%

n , X LB D 45 B k% VB IE N owl:same [ = T4 B, 1% 6 7R T & KHFIZE NUTS 1 GADM
PR, KRB R AT = el 7 Bk

Figure 6. Illustration of the data for Italy: Data from NUTS (left) and data from GADM (right)
E 6. BAFIMTILLEIE: £EH NUTS 84, AEXA GADM ¥k
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<http://geop.whu.edu.cn/GeoData#ITA_adm2_99>
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<http://geop.whu.edu.cn/GeoData#ITA_adm2_100>
<http://nuts.geovocab.org/id/ITD3> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_20>
<http://nuts.geovocab.org/id/ITD4> <http://www.w3.0rg/2002/07/owl#tsameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_7>
<http://nuts.geovocab.org/id/ITD5> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_6>
<http://nuts.geovocab.org/id/ITE2> <http://www.w3.0rg/2002/07/0owl#tsameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_18>
<http://nuts.geovocab.org/id/ITE3> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_11>
<http://nuts.geovocab.org/id/ITE4> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_8>
<http://nuts.geovocab.org/id/ITF1> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_1>
<http://nuts.geovocab.org/id/ITF2> <http://www.w3.0rg/2002/07/0owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_12>
<http://nuts.geovocab.org/id/ITF3> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_5>
<http://nuts.geovocab.org/id/ITF4> <http://www.w3.0rg/2002/07/owl#sameAs>
<http://geop.whu.edu.cn/GeoData#ITA_adml_2>

Figure 7. Published triples of Italy
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Table 3. Speedup as the number of nodes increases

= 3. EET SIB A BB AL IR ER

RicE A AT [H] 18 35
1 0 2634 h 1
2 4 1135h 232
4 8 5.75h 458
8 16 3.17h 831

30

25

20
<
SN

g15

10

5

0

1 1.5 2 2.5 3 3.5 4
nodes

Figure 8. Runtime as a function of the number of nodes
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