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GeolLOD highlights

* Focuses on the geographic semantic web exploration
» Exploits dataset spatial characteristics to aid exploration

* Creates and preserves spatial metadata for datasets, exposed in GeoVolD, a dataset metadata vocabulary
that extends VolD

« Offers text and map-based dataset & classes search (e.g., find classes that contain instances in Crete)

* Maintains pre-computed recommendation lists for classes that may contain related instances (e.g., sameAs)
to aid link discovery

» Offers on-the-fly recommendations for uncatalogued datasets and GIS spatial datasets (Shapefile, GeoJSON)

* Exports of Silk and LIMES configuration files for recommended pair of classes for direct use in link discovery
processes

» Offers a REST API for software-based consumption of its content
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GeolOD
Catalog

Parses the LOD cloud and the
Datahub & locates SPARQL
Endpoints (datasets) that contain
georeferenced instances

Extracts datasets and classes
basic metadata and generates
additional spatial metadata
(Bounding Box, number of
georeferenced instances, spatial
vocabularies)

Provide access to lists of spatial
datasets and classes through a
user interface that allows text
and map-based search
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Spatial Dataset Collector

1. Finds available SPARQL Endpoints by parsing:
* The list of LOD datasets exposed in JSON (https://lod-cloud.net/lod-data.json)
* The list of DatatHub datasets exposed in CKAN API (https://old.datahub.io/)
2. Identifies SPARQL Endpoints that contain georeferenced point instances with one of the W3C

Basic Geo, GeoSPARQL, GeoVocab, Geonames and GeoRSS spatial vocabularies by sending
SPARQL ASK queries.

W3C Basic Geo ASK guery

ASK {
?s <http://www.w3.0rg/2003/01/geo/wgs84 pos#long> ?x.
?s <http://www.w3.0rg/2003/01/geo/wgs84 pos#lat> 2y.

}

3. Retrieves the spatial classes found in each SPARQL Endpoint by sending SPARQL SELECT

queries List of classes containing instances that use W3C Basic Geo

SELECT DINSTINCT 7?class {
?s <http://www.w3.0rg/2003/01/geo/wgs84 pos#long> ?x.
?s <http://www.w3.0rg/2003/01/geo/wgs84 pos#lat> 2y.
?s <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> ?class.
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Dataset & Class Metadata

* Basic metadata extracted by LOD and Datahub:
o For datasets ¢ title, description, SPARQL endpoint URL and VolD URL
o For classes € URI, label, description

« Additional “spatial” metadata extracted by sending SPARQL SELECT queries to endpoints:
o For datasets € Bounding Box, # of spatial classes & instances, spatial vocabularies
o For classes € Bounding Box, # of instances, spatial vocabularies

e Schema of GeoLOD metadata database:

Dataset
Class
Title: string ,
Description: string URI: string
SPARQL endpoint: string 3 Label: string
VoID URL: string ™ Description: string
Minimum Bounding Box: geometry Minimum Bounding Box: geometry

Spatial classes: integer Spatial instances: integer

Spatial instances: integer Spatial vocabulary: string

Spatial vocabularies: string[] |
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Dataset View

CLASSES RECOMMENDER
AEMET metereological dataset —

Aemetlinked Data (.es) is an open initiative of the Ontology Engineering Group (OEG) whose aim is to enrich the Web of Data with
Spanish geospatial data. This initiative started off by publishing diverse information sources belonging to the Spanish Meteorological

Agency.
SIJ":W‘ SPARQL Endpoint: http://aemet.linkeddata.es/spargl o
Portuga Spatial Ontologies: W3(C Basic Geo (http://www.w3.0rg/2003/01/geo/wgs84_pos) — Data Set Metadata
Entities: 780
Classes: 1
Recommendations: 27
Morocco _

Algerig

Classes
10~ Showing 1to 1 of 1 classes
Label
” HECES Dataset Classes
URI Ontology Entities ons —
Point http://www.w3.0rg/2003/01/geo/wgs84_pos#Point W3C Basic Geo 260 27
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GeoVolD

GeoVolD description of the AEMET dataset

A vocabulary that extends VolD for describing spatial
@prefix geovoid: <http://83.212.121.124/schemas/geovoid#>.
datasets and C|aSSGS. @prefix void: <http://rdfs.org/ns/void#>.

@prefix rdf: <http://www.w3.org/1999/82/22-rdf-syntax-ns#s>.

@prefix rdfs: <http://www.w3.org/2088/81/rdf-schema#>.

It defines 3 datatype properties: @prefix xsd: <http://www.w3.org/2801/XMLSchema#>.
. o @prefix dcterms: <http://purl.org/dc/terms/>.
i geOVOId:entltleS € The total number of @prefix locn: <https://www.w3.org/ns/locn#s.
spatial entities that are described 1in a CAEMET> a void:Dataset:
void:Dataset or void:Class dcterms:title "AEMET metereological dataset”;

dcterms:description "Aemetlinked Data (.es) is an open initiative of
geospatial data. This initiative started off by publishing diverse infor
° geovcnd:classes @ The total number of void:sparglEndpoint <http://aemet.linkeddata.es/sparqgl>;

. . . . . dcterms:spatial [
distinct spatial classes 1n a void:Dataset a dcterms:Location;

locn:geometry "POLYGON((-17.9161111111 27.7355555556,-17.9161111111 43
. 13
¢ geOVO|d:VOC3bU|ary € A spatial Vocabulary geovoid:vocabulary <http://www.w3.org/2803/81/geo/wugs84 pos>;
. . eovolid:entities "1388""~*xsd:integer;
that is used in the dataset geo'foid'cl"ssﬂs ..1..,\,1}{56_%,(%9“,3
void:classPartition [
void:class <http://www.w3.org/2863/01/geo/wgs84 pos#Point>;
dcterms:spatial [
e o4 . . a dcterms:lLocation;
Schema definition is online at: locn:geometry "POLYGON((-17.9161111111 27.7355555556,4.215555
geovoid:vocabulary <http://www.w3.org/2003/81/ge0/wgs84 pos>;

http://83.212.121.124/schemas/geovoid# >
geovoid:entities "268"""xsd:integer

8

55556 27.
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Class View

Point

Dataset:
Spatial Ontolegy: W3C Basic Geo (nttp
Entities: 260

Recommendations: 33

DATASETS

~— Class Metadata

CLASSE

Morocco
I
Alger B o .
o Various actions
Recommendations
10~ g 1to 10 of 33 classes -
Label Dataset
Est. Related
URI Instances Rank = Link Discovery
nkedgeodata.org/ontology/Windsoc oo
finkedgeodata.org/ontology/Windsock

‘ - 0O

Class
Recommendations
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On-the-fly class instances preview on map
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GeolLOD
Recommender

* Recommends to a given class
other «classes that may
contain related instances,
such as sameAs.

* Maintains pre-computed
recommendation lists for all
classes in the catalog.

* Supports on-the-fly
recommendations for
uncatalogued SPARQL

endpoints and GIS datasets
(Shapefiles and GeoJSON).

GeolOD

Recommendations

LLLLL

aaaaaa

oooooo

DATASETS @SSy RECOMMENDER]
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Recommendation Algorithm

Based on the spatial distribution similarity of classes:

“pairs of classes whose instances present similar spatial distribution are more related than pairs of classes
whose instances present dissimilar spatial distribution, in the sense that the former are more likely to
contain semantically related instances”

A\
LA ® o .
v A
/N Au ® >
& o ® o o
similar spatial distribution not similar spatial distribution
({3 [{3 . .
B “Squares“class A “Triangles” class @ Circles“class ) “Diamonds"“ class

In a nutshell, the algorithm builds and stores summaries for all identified spatial classes that capture
their spatial extent and index the location of their spatial instances on a QuadTree, and then apply
metrics that compute the similarity of the class summaries.

More details in: V. Kopsachilis, M. Vaitis, N. Mamoulis, D. Kotzinos, Recommending geo-semantically related classes for link discovery, Journal on Data Semantics 9 (2020) 151-177.
URL: https://doi.org/10.1007/s13740-020-00117-4. doi:10.1007/s13740- 020- 00117- 4
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Recommendation List

Relevant classes to a “Meteorological Stations” class provided by the AEMET dataset

Recommendations
10~ |Showing 1 to 10 of 33 classes - 2|1 3|4

Label Dataset
Est. Related

URI Instances Rank - Link Discovery

Nindsack nttp://linkedgeodata.org/fontology/Windsack LinkedGeoData 5 1 oo
Mirdencl e f ink e dnend st ara fort aloaw AT ind ool bl i o B T TR Rl >
ttpe//linkedgeodata.org/ontology/Windsock LinkLion - A Link Repositen 4 2 oo

ft t kedg 2.0 gy/Dr on - A Link Repository 3 3 oo
linkedgeodata.org/ontology/AerowayThing LinkLion - A Link Repository 25 4 oo
http://linkedgeodata.org/ontology/Lighthouse LinkLion - A Link Repository 13 3 oo

http//linkedgeodata.org/ontology/AerowayThing LinkedGeoData 24 & oo
nttps//linkedgeodata.org/ontology/Beacon LinkedGeaData 6 7 o o

tpe//linkedgeodata.org/ontology/Lighthouse LinkedGeoData 13 S oo
httpe//rdfdata.cionet.europa.cufuwwtd ontology/UWWTP Eu opean .3: lutant :f_e:—.s c 51 9 o o
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Ik & LIMES linkage spec

cat

ON export

Default matching rules based on label Levenshtein and geometry Euclidean distances

Silk configuration file example

<Silk>
v <Prefixes>
<Prefix id="rdf" namespace="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"/>

<Prefix i namespace="http://www.w3.org/2002/07 /ould" />
<Prefix 1 " namespace="http://www.w3.org/2000/081/rdf-schema#" />
<Prefix i namespace="http://wwi.w3.0org/2001/XMLSchema#" />

¢/Prefixes>
¥ <DataSources>
¥v<Dataset id="source" type="sparqlEndpoint">
<Param name="endpointURI">http://aemet.linkeddata.es/sparql</Param>
</Dataset>
¥<Dataset id="target" type="sparglEndpoint":
<Param name="endpointURI">http://linkedgecdata.org/sparqgl/</Param>
</Datazet>
¢ /DataSources>
v<Interlinks>
v<Interlink id="11">
¥ <SourceDataset dataSource="source" var="a" typeUri="http://www.w3.0rg/20683/01/geo/ngsB84_pos#Point">
<RestrictTor ?a <http://www.w3.org/2003/01/geo/wgsB4_pos#geometry> ?s . </RestrictTo>
</SourceDataset>
¥ <TargetDataset dataSource="target" var="b" typeUri="http://linkedgecdata.org/ontology/Windsock">
<{RestrictTo> ?b <http://wwmi.w3.0rg/2003/01/geo/wgs84_pos#geometry> ?t . ¢/RestrictTo>
</TargetDataset>
Y<linkageRule linkType="owl:sameAs">
¥<Aggregate id="and" required="true" weight="1" type="min">
¥<Compare id="levenshtein" required="true" weight="1" metric="levenshtein" threshold="6.2" indexing="true")
¥<TransformInput id="triml" function="trim"»
¥ <TransformInput id="removeBlanksl" function="removeBlanks">
¥<TransformInput id="removeParenthesesl" function="removeParentheses">
¥<TransformInput id="removeSpecialCharsl” function="removeSpecialChars">
¥<Transformlnput i alphaReducel” function="alphaReduce">
¥<TransformInput id="lowerCasel" function="lowerCase">
<Input id="sourcelabel" path="?a/rdfs:label"/>
</TransformInput>
</TransformInput>
</TransformInput>
</TransformInput>
</TransformInput>
</TransformInput>
¥<TransformInput id="trim2" function="trim">
¥ <TransformInput id="removeBlanks2" function="removeBlanks">
¥<TransformInput id="removeParentheses2" function="removeParentheses">
¥<TransformInput id="removeSpecialChars2" function="removeSpecialChars">
v<TransformInput id="alphaReduce2" function="alphaReduce">
¥<TransformInput id="lowerCase2" function="lowerCase">
<Input id="targetlabel" path="?b/rdfs:label"/>
</TransformInput>
</TransformInput>

LIMES configuration file example

v <LIMES>
v <PREFIX>
<NAMESPACE>http: //www.w3.0rg/1999/82/22-rdf-syntax-ns#</NAMESPACE>
<LABEL>rdf</LABEL>
</PREFIX>
v <PREFIX>
<NAMESPACE>hTtp: / /wwi. w3.0rg/2002/07 /owl#< /NAMESPACE >
<LABEL >owl</LABEL>
</PREFTX>
v <PREFIX>
<NAMESPACE>http://www.w3.org/2008/81/rdf-schema#< /NAMESPACE>
<LABEL>rdfs</LABEL>
</PREFIX>
v <PREFIX>
<NAMESPACE>http://viww.w3.0rg/2003/01/geo/wgs84_pos#</NAMESPACE>
<LABEL >geo</LABEL>
</PREFIX>
v <SOURCE>
<ID>source</ID>
<ENDPOINT>http://aemet.linkeddata.es/spargl</ENDPOINT>
<VAR>?a</VAR>
<PAGESIZE>-1</PAGESIZE>
<RESTRICTION>2a rdf:type <http://www.w3.org/2003/01/geo/wgs84_pos#Point></RESTRICTION>
<RESTRICTION>?a <http://www.u3.org/2083/01/geo/wgsB4_pos#long> ?x</RESTRICTION>
<RESTRICTION>?a <http://www.w3.0rg/2083/@1/geo/wgs84_pos#lat> 2y</RESTRICTION:
<PROPERTY>rdfs:label AS lowercase->regularAlphabet</PROPERTY>
<PROPERTY>geo:1at AS number RENAME slat</PROPERTY>
<PROPERTY>geo:long AS number RENAME slong</PROPERTY>
</SOURCE>
v <TARGET>
<ID>target</ID>
<ENDPOINT>http://linkedgeodata.org/sparql/</ENDPOINT >
<VAR>2?b</VAR>
<PAGESIZE>-1</PAGESIZE>
<RESTRICTION>?b rdf:type <http://linkedgeodata.org/ontology/Windsock></RESTRICTION>
<RESTRICTION>?b <http://www.w3.org/2083/81/geo/wgsB4_pos#long> 2x</RESTRICTION>
<RESTRICTION>?b <http://wwti.w3.org/2083/@1/geo/wgsB4_pos#lat> 2y</RESTRICTION>
<PROPERTY>rdfs:label AS lowercase->regularAlphabet</PROPERTY>
<PROPERTY>geo: lat AS number RENAME tlat</PROPERTY>
<PROPERTY>geo:1long AS number REMNAME tlong</PROPERTY>
</TARGET>
<METRIC>AND(levenshtein(a.rdfs:1label,b.rdfs:1abel)|@.8, euclidean(a.slat|slong,b.tlat|tlong)|@.8)</METRIC>
v <ACCEPTANCE>
<THRESHOLD>@.8</THRESHOLD>
<FILE>accept.nt</FILE>
<RELATION>owl : sameAs</RELATION>
</ACCEPTANCE>
v <REVIEW>
<THRESHOLD>@.7</THRESHOLD>
<FILE>review.nt</FILE>
<RELATION>owl: sameAs</RELATION>
</REVIEW>
<EXECUTION>Simple</EXECUTION>
<OUTPUT>NT</OUTPUT>
<1 TMESS
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On-the-fly recommender

(LY S LR o A S RECOMMENDER

1. Define a spatial dataset (point geometries) 2. Dataset Details

® SPARQL Endpoint O Shapefile O GeoJSON Airports

Entities: 37

©. & Mepbox © OpenStresthap

~
Get Recommendations *
m * it may take several minutes depending on the dataset’s size and extent

Recommendations
S | oo o R i 3

Lab-el Dataset
Est. Related
URi i Instances Rank - Link Discowvery

Airport. Physica nttpessumbe Llorgsum be Pros Airporrt_ Physica DBpedia in Greck =1 =] o o

resce httpursdbpedia.orgrclasssyagosAinportsinSreece

Alrport ntte t 2 =+ < O
= erBodyDeclaratior httpessrdfdata. et.euvropa.eufwiseontology. GroundWaterBodyDreclaration ASe (=] = o o
aAfrport nttoes nkedgeodata. orgrontology . Airport L Lion - & Link = [=] o °
= bt N = - T > - ——  —
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GeolLOD services (the left part of the Request URI is http://snf-661343.vm.okeanos.grmet.gr).

Service Name

Request URI

Description

GeolOD De
scription

{api/download/dcat

Returns a DCAT-compliant turtle file that contains
general information about GeoLOD and the list of
the datasets in the Catalog

Dataset List

{api/datasets

Returns, in JSON, the list of datasets with their meta
data (including internal dataset |Ds) in the GeoLOD
Catalog

Dataset De
scription

{api/datasets/=ID=

Returns, in JSON, the specified dataset metadata
with the list of its classes. The dataset 1D is a variable
corresponding to the internal dataset ID. (e.g., http:
snf-661343. vm.okeanos gmet.gr/api/datasets/915 re-
turns the metadata for the AEMET dataset)

Class List

‘api/classes

Returns, in JSON, the list of classes with their meta-
data (including internal classes |Ds) in the GeoLOD
Catalog.

Class Descrip-

tion

{api/classes/=|D=

Returns, in JSON, the specified class metadata with
the list of its recommended classes. The class ID
is a variable corresponding to the internal class
ID. (e.g.. http://snf-661343 vm.okeanos. grnet.gr/api
classes/ 139090 returns the metadata for the Cavefn-
trance class of Linklion dataset).

Dataset
GeoVolD

/api/down
load/geovoid/<1D=

Returns, in turtle format, the GeoVolD description
of the specified dataset.

Dataset Recom
mendations

/api/download’ datase
trecommendations/=1D=

Returns, in JSON, the list of recommendations for
all specified dataset classes.

Class Recom-

menations

api/download/ classesrec-

ommendations/=1D=

Returns, in JSON, the list of recommendations for

the specified class.
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'mplementation

 The GeolLOD backend APl was developed in Node.js and the frontend application
in React

 The GeolLOD database is a PostgreSQL with the PostGIS extension for spatial data
management

e Queries to the SPARQL endpoints were sent with the Fetch SPARQL endpoint
node.js module

 Bounding box thumbnails depicting were generated with the Static Image
Mapbox API, and the interactive maps were built on Leaflet and OpenLayers

e GeolLOD is hosted in a Ubuntu 18 LTS 4GB Virtual Machine, provided by okeanos,
a GRNET cloud Infrastructure as a Service (laaS) for Greek academic institutes

 GeoLOD content, that is the list of spatial datasets and classes with their
metadata and the recommendation lists for all classes, is updated automatically
every two months, as a background process
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Findings &
DISCUSSION

* GeolLOD contains 82 spatial datasets (out of 629
unique and 152 active SPARQL endpoints) and 5,218
spatial classes.

* They spatially cover all the world. Most datasets are

“global”.
* In many datasets, georeferencing errors were
found.
* GeolLOD provides approximately 90,000 class Legend
recommendations and on average it recommends o
Datasets Density
25 relevant classes per class. <=10
11-15
* It requires on average 18 minutes to generate the :;:;:
class recommendation list for each class (although . -5
the execution time varies from a few seconds to

several minutes), while LIMES would require
approx. 5 hours for pair-wise class comparisons.
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Pointers for Future Work

* Inclusion of datasets provided as RDF dumps and containing line and polygon

geometries

e Extension of the on-the-fly recommender to
support SPARQL endpoints that use additional spatial vocabularies (other than
W3C Basic

Geo) and additional spatial data formats, such as the Web Feature Service (WFS)

e Further improvement of the recommendation algorithm in terms of efficiency
and effectiveness (e.g., integration with textual similarity)

* Integration with Silk or LIMES web services for the instant generation of instance
link matching
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SELECT Queries

Spatial Vocabulary SELECT Query

SELECT DISTINCT 7class {
7geom <http://www.w3.org/2003/01/geo/wgsBd4_poss#long> 7x.
GeoVocab Tgeom <http://www.w3.org/2003/01/geo/wgsBd_pos#lat> Ty.
78 <http://geovocab.org/geometry#geometry> Tgeom.
78 <http://www.w3.org/1999/02/22-rdf -syntax-ns#type> 7class}

SELECT DISTINCT 7class {
GeoSPAROL 7s <http://wvww.opengis.net/ont/gecsparql#fhasCeometry> 7geom.
7geom <http://www.opengis.net/ont/geosparql#asWKT> 7wkt.
7s <http://www.w3.org/1999/02/22-rdf -syntax-ns#type> 7class}

SELECT DISTINCT 7class {
7s <http://www.w3.org/2003/01/geo/wgsB4_pos#long> 7x.

GeoNames 7s <http://www.w3.org/2003/01/geo/wgsB4_pos#lat>7y.
7s <http://www.geonames.org/ontology#featureClass> 7class.}
SELECT DISTINCT 7class {
W3C Basic Geo 7s <http://www.w3.org/2003/01/geo/wgsB4_pos#long> 7x .

7s <htip://www.w3.org/2003/01/geo/ugsB4_pos#lat> 7y.
7s <http://www.w3.org/1999/02/22-rdf -syntax-ns#type> 7class.}

SELECT DISTINCT 7class {
GeoRSS 7z <http://wuw.georss.org/georss/point> 7point.
s <http://www.w3.org/1999/02/22 rdf -syntax-ns#type> Tclass}
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Class Summarization

QuadTree
1 |2 3 |4
5 6 7
8 15 16

2 random classes Spatial distribution summaries
A " 1 2 3 4
]
| | A :
- - 5 6 7 ]
A s - " Pl 4
. |}
. 8 |. 15 |16
|| - A =
4 ]

Summary of Squares class = {1,4,6,7,8,16}
Summary of Triangles class ={2,3,4,5,6,9,15}
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Class Relevancy

The more similar the summaries of classes the more similar the spatial distribution

Measurement of class summaries:
* Number of common cells
* Jaccard index
* OQverlap Coefficient
e (Pointwise) Mutual Information
* Poisson Distribution

The algorithm returns a ranked list of relevant classes based on the values of the
above metrics
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http://greek-lod.math.auth.gr/fire-brigade/resource/subdivisions
http://linkedgeodata.org/ontology/FireStation

MeTpnon YeEwWVOAPIKNC OUOLOTNTAC

» KAAOELG TTOU eKTELVOVTAL O€ SLAPOPETIKEG TTEPLOXES (UN aAAnAemikalurmtopevo ConvexHull) v mapouaialouv opola
YEWYPAPLKN KATAVOUN Kal SeV gival TIOavo va TTEPLEXOUV OXETIKEG OVTOTNTEG.

» METpnon ™S YEWYPAPIKNG OUOLOTNTAS TWV OUVOPEWV 2 KAATEWY, S Kat T, otov aAANAETIKAAUTTTOUEVO XWPO TOUG
(intersecting ConvexHull).

(S) (Hellenic Fire Brigade)
55%3 R T (T) (LinkedGeoData)

Intersecting

ConvexHull YrioAoylopol armo cuvowelg

|S| =275 |T| =54
ISNT| orc=29
|Q| = 13.691
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http://linkedgeodata.org/ontology/FireStation

Spatial Similarity Metrics |

= Number of Common Cells (C): O aptOuog Twv oToXEiwV TNE TOMNG TwV dUOo

OUVOEWV.
C=|SNT|

Mapatpnon: Aev AauBavetat urmoyn 1o LEYEOOG TwWV CUVOYEWV.

= Jaccard Similarity (JS): O apOuog mg toung (aptdpog Kowwv KeAwv) dld tou
aplOpou ¢ evwaong Twv dUo ouvc')Ll)_sqgml
~ ISUT|

Mapatpnon: Aev AauBavetat urroyn n dtagopa Tou LEYEBOUC TWV TUVOYEWV.

= QOverlap Coefficient (OC): O aptOuog g Toung (apdpog Kowvwy KeEAlwV) St Tou

apPLlOUOU TOU UIKPOTEPOU GUVOAOU.

oc = _IsnTl

min(|S|,|T[)

Mapatmpnon: Aev AauBavetal urroyn n ouxvotTNTA EUPAVIONG TWV OVIOTHTWY OTO XWPO UEAETNG.

YtoAoylopoi arno guvowELg
|S| =275 |T| =54
|ISNT| orc=29
ISUT| =300
Q| = 13.691

YTTOAOYLOUOC SEIKTWYV
JS=0.09 OC=0.53




Spatial Similarity Metrics |l

H ouxvomrta (apa kat rmlavomta) €UPAvVIoNG TWV OVIOTNTWY HLag KAAONG OTO XWPO HEAEMC
urtohoyiletal w¢ to pEyeOog ™G ouvoPng ™ KAAoNS dtd Tov aplOpd TwV GUVOAMKWY KEAWY OTO

XWPO HEAETNG. P(s) = &2l

Av oL ouvoElg 2 KAAOEWV €lval aveEdptnTeS, CUUPWVA UE TN oUVONKN aveEaptnoiag eVOEXOUEVWY,
0 AVAUEVOUEVOC APLOMOC TWV KOLVWYV KEALWY TOUG Eival:

P(SNT) =P(S)P(T) = ¢ =LL0
AV 0 TTPayuaTIKOG AplOUOC TV KOWVWV KEAIWY TwV cUVOYPEwV 2 kKAagswv (C) dlapepel aimo tov
avVauEVOUEVO aplBud TwV KOWVWVY KEAMWV TwV KAAOOEWY o€ ITEpimTtwon mou Nrav aveEdpmntec (¢), tdte
ol KAaoelg oxetiovral.

O Aoyog ouoxetiong (R) pmopel va urmoloylotel wG O aplOUOC TWV KOWWV KEAIWV 8ld Tov
QVAUEVOUEVO APLOUO TWV KOLVWYV KEALWY 0NV nepirréwon TIou Ta VO cLVOAA ival aveEaptnra:

R = g
= Pointwise Mutual Information (PMI): O AoyaptOpog g mbavotnTag TG TAUTOXPOVNG ELPAVIONG

SU0 evdeXOUEVWY SLA TO YIVOUEVO TWV TILIOAVOTNTWY TOUG:
PMI = logR

YITOAOYLOMOL a1t GUVOYELG
|S| =275 |T| =54
ISNT| orc=29
|ISUT| =300
|Q| = 13.691

YrioAoylopotl AELKTWY
PMI=1.42




Spatial Similarity Metrics

Hypergeometric Distribution Culmulative Probability (HG): H mOavotnta pia kAdon (S) va €xeL ¢ 1
TIAPAITAVW KOLVA KEALA HE pia KAaon (T) o€ pia mepLlox) mou KaAUrttetat armo (Q) KeAa:

P < min(|S|,|T)) . - (g)(%)
Xz0) = Y P (X =c)6mov P(X =¢) =~~L =</

()

Poisson Distribution Culmulative Probability (PD): H miBavommta va spgavilovtal ¢ 1] mTapamavw KeALd

o€ pia mepLloyn mou avapévetal va spgavidovrat A = € KeMA:
< Min(|S],IT)) , et
P(X >x) =Y r=IC| P(x) omov P(x)=—

X

X

AgikmG ouoxetiong duadikwy petaBAntwy (Phi Coefficient). Mia kAdon avartapiotatal amo pia Suadikn
HETABANTY 7TOU Ttaipvel TV TN 1 yla ta KEALA TTOU UTTAPXOUV atnyv cuvoym piag kAaong kat v Tiun 0
yla Ta KEALA TTOU SEV UTTAPXOULV.

T1 To Total
S, IC]| IS|-IC| S| @ = ICHQIFISHT]

So ITI-ICI [ 1Ql-[SI-ITI+IC] | [Ql-IS[=]S'] /|S||S’||T||T’|
Total | |T| |QI-IT| =T Q|

2X2 mivakag ouvag@elag Twv KAacewv S kat T

YrnioAoylopoi ano
OUVOWELG
IS| =275 |Ti| = 54
|ISNTi| orc=29
|SUTi| =300
|Q| = 13.691

YTTOAOYLOMOC SELKTWYV
HG = 2.37E-41
PD=0 ®=0.23




