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AT 14

AFE ALY WA A8 T o= §F Foll ke a3 A T WS HAPAT7] Aste] wiAledl A A
FHZZE,

7] & & of
¥ oURe g3 9A8 Bk Wy 2 I 99 AR we Aol

of Fitol 7lE®E &2 el F dwe] Al oid i ArE Aed ¥ TUvIEs A A2 of

A2 Ff AFYEY S7F 2 AHs AR FF 7|9 @ 3do], vatE A2 Wo|xT)t FEEH I Pl A
o] 7beskt). diE Al o2+ DBpedia, YAGO, Freebase S©o] dt}. A& o] A& w3l QFo] w2 A
Wel olEE S @S oleld vlolEl: Wil EEQ RDF Hloly Rue mec)

it A2 wo]x~E I3 AldE AR BAEI 9l DBpediadl oF 119 FH-2 T HARE XISt Ja
YAGO29] 79~ o] W& 59%= AEElitt. olgld ¥ Frel Frhs A4 aYzE uk A
g F37Fs st

7k RDF HlolEHE
olth. AZAH dlolg

ol

FE, 44, AE 2 E3 Vsl LTl wgl T RIF dlolgAle] o] FUhsta
S F4ekE 27 RDF HolEAS g3 9= dol(linked open data, LOD) Ze+$-
. > LinkedGeoData, Greek Linked Open Data, NUTS %ol Sith. o]g3t dolgHE &3 &
= &7 LOD HlelH el gt

iy rﬁ rgL'

FrH o AAE dolg AE(datasets)’} LOD -0 Z7lEE B0k, 37t AdEEHEL tx] A2 3ukst
| AAHET. AREH (W] FZ1A Q1) LOD HolE AHES] 44 %= TE dlo|E] A E9 AZAE Qx| geon, F
A ow AZR dolg AES A9, T3 AEEE(ses)d 7.1 % wro] T Qe dAE ] gk, &3 ¥
= T%3¥ 7174 Sk (machine learning), A¥ A2l S (answering federated queries), H33F ZiE
(complex questions) &% Z& ofZgAlold el BFAAS 2387 H8te] AAAHJA TS 37| it <l
e 2 HA ATS F Qs

T 92T P J1E] AT PHE FE IO AUES(ses) Aolel T BFEA #AE Rt 248
wEglor], ol e T WA 4% Sol, S4B Be BT & grks BAde] vk, Azd:
o g & A7 Agsa g

A% 3 g gk FE 714S, ESRI Geometry AP191 Egow EXeX %74]% %aa—}% 7]
=5 FEGE AL guiste 2524 vld A" AL, 0GC EF Q1 94 7Ietet wdw

b BAE AHEts 9 AFEE = DE-9IM(Dimensionally Extended 9-Intersection Model), DE-91
T M F3 QEEE(ses) Akl $1F #AIE AtEn g@A 1S EFo)7] 98l Bl OCklng 714
SILK, &%t BF<®, MBB (Minimum Bounding Box) 7]¥F A} & 34 Ml A 7|&S Agste] DE-9IM 7]9+
Z #2335} RADON So] tt.

EZ_,
=
FiN
2 ¢
i)
AL

BhARE, g 2 MBB )W AR A2 WS A 83 Fok, DE-9IM 7|Hte =z Ao 3l S o] A
o2 Ak, &, DEO-IM ALt AAZE av]gola 7|E W AA FHE FolE VeSS @&O}OL oA
o2 we ko] DE9-IM A4t 347 %] wlEol| YAtes TA g Al7te]l Aul= Ao EA T},
ggol &

s EdstE = A

2 e I HAE 2Feta, 0 #AY 824 &4 2 I3 QIEEY A SAE e Al F
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w2}

ZZeoll= ROF Bdlof] djst 33t &ge ok A7 &3ks] = Art. GeoSPARQLS> A1) &3t dlolEH e %

d 9 AolE XYsl= 0GC ®Tolal, stRIF= ¢ 2 Al HlolHE X3 T 79+ 7522 RIFE 73y,
w3k, strDF dlolHE HAgst7] 93] SPARILS g3t #El Ao stSPARQLe] AF+¥ 3l ).

kA, F7F ROF HolHE 13 &, AA, A 2D &3 7|&o] ddsle uel 7 ROF dlo]EgAle] =&o] &
7¥star givk. AZ49 doly A &48E T RIF HlolHAS g3= @ Z Ho]E(LOD: linked open data)
FgF-=d AANEY, = EW LinkedGeoData, Greek Linked Open Data, NUTS < <= t}. o]z]3t dlo]H
2 F7F ¥H3= doly miE F7F LOD deolEgkar A3},

==

& £°], LinkedGeoDatai= OpenStreetMapoll Al =53 vk 7o) &3t BBl E(ses)E AR k= 200 ¢ 7
EfZ(triple)S 23et}. Greek Linked Open Datat™ 122~ A7 dlo]E]e] HE} nlo|E2RE W3
dolH=A, aliekd, A&, 34 A28t & tes S| teolgE ovgitt,

ﬂﬂ

w3, EAXY @9 HHR (NUTS: Nomenclature of Territorial Units for Statistics, ©]3}, NUTSZ 7|A
sH2 fd AA 99 JE Tl uigh £ AR7F 2T, NUTSe 3oz Ha49 deolHe o =

12 & 2w AAdE drstr] A SAAS &9 BRHHNUISNAN FE8 &3t Jad volHE dE

T 19 NUTS® RDF Z#| =5 Frashd, NUTSOlA F&9 3 7He] #37F QlElElE(ses)o] EA3T. o714, 3 71
o] F3F JEEELS nuts:DEAS9, nuts:DEA 2 nuts:FRE 2ov|gtt}. Z} F7F <EJE](se)= ngeo:geometry A
E 53 AW EZ (geometry)ol] AZHAL.

& £, &7 AMEE nuts:FRS ramon:NUTSRegion?] EFYS zZte A 9& owsiyy, mgh, F3F <lEE
& FR-FRANCE¢]#}+= #lo]E-(Label)& E38 2~ (French) A 9¢l Ao =2 A3 4= g},

nuts:FR
AG7F, 33 AEE nuts:FRE tz 248 B A 2w EE] (geometry) nuts:FR_geometry9} A ™, ngeo
9 ramone A @A AL Mmasls] <3 LEZAolth. o7, LEZAL AmAon AdstE AL A

o2 WWEA 7)1&3t= WA (an explicit formal specification of a shared conceptualization)dl= Zlo]H
ol A5 (AD), A"ME (semantic web), AF¥Ao] 2] (NLP: Natural Language Processing), +& A H38t 5 of
Y Eokll A A A, Ff, AAE SO £8dr).

w3, F AEES(ses) AlololE AV EAT. oAE B9, 'FZ AEIE] nuts:DEAE 3 dEE
nuts:FReF 2] (disjoint)F o] Ju}' o} o] &7 AEE| E(ses) Alolol= A7) &

Al gk,
THAoR AddE HolH ME(datasets)”7t LOD E29-59 F7tH e w2, 7 HEES @A A= F4tst
Al AT, dRbEA(H] F7HE<1) LOD dlolH MES] 44 %= ofE o]y AES} AZAxo QA &om, F
Hgo 2 A4dd oy MES A, T AEEE(ses)2 7.1 % Who] thE <EElo] AAFo] 9t} 3 &
v Fx3kd 714 55 (machine learning), A3 FAd SH(answering federated queries), H33+ F&
(complex questions) &3 22 ofEz|Alol Ao & EA5H7] Astel ANA] G&E 17] vl AEY

7¥e] b B3 Awe o).

71%€, ESRI Geometry APIS] E&o0 2 EXax #AAE L= 7)
= uf AlZ~EIQL AML, 0GC EE Sl 914 718kt Rd= F 7|13 1k &
Asts d ALEH = DE—9IM(Dimensionally Extended 9-Intersection Model), DE-9IM ¥ <=ol wheh
37 AEEE(ses) Akole] $14 #AIE Atsta & F3& E017] 938 Blocking 71 S A3t
A2, MBB (Minimum Bounding Box) 7|WF A} & 314 Aol WA 7]4S A3 DE-9IM 7]4k
# 4 8}8k= RADON S©] SITh.

SpARE, Q19 R NBB AN 2AF A WS 48T Folw, DE-OI Ao Aol st S o 4
BHoz Atk Z, DE-OI /1w Ae] mHgoz Qs A wAC U F YA BAe Re wEH
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|, ¥ Whdol M= 337 ¥3 Z3H(Spatial Link Composition) 7]t
3 ARE A ekstl. o]d), NUTS WS oAz 2 da o] %

@f

2% & 0ol AAde] wE 3 Ja w5 S Adsty] 91§ NUTS W2l e] A e Eg] (geometry) &

T 28 & 19 7R Al A §8e F3F dEEE(ses) e XNLHEHS vekdtl. o7, Al 7HA 39
T AME B E(ses)S nuts:DEAS9, nuts:DEA 2 nuts:FRE o]=]3lc},

7t AEE nuts FRE AR 7 o] BpgoR PAEe] ok, d9(space)e] AFOR 8| F
o) trtgor FAHL.

71E9] A WA 3 79 F3F <QlEIE(ses) Atele] 914 #AE EAst7] 918t 1H]§ DE-9IM 7|9k ALkS
a8y, F le 70 "3 (nuts:DEA59,within,nuts:DEA) & (nuts:DEA,disjoint,nuts:FR)o] &A= 2%

FolA F MY ¥ HAE 2ol 7 F A (nuts:DEASY,disjoint,nuts:FR)E F28 4 Q). 7|4, &
7+ 3 (nuts:DEA59,disjoint,nuts:FR)+= 3%t EJE] nuts:DEAS9E nuts:FR} ##](disjoint) ¥ o] S

Ebdic).

ol9} o], ¥ HA T2 DE-9IM Axte] 45 &d 4 uh. T3, I FA2 F2FS DE-9IM 7| Ak
vlash uw Jojygoe g Hjgo] HA v, wEhA, & @] w2 ¥ Y3 2% (Spatial Link Composition)
ZIgto 2 94 Aol ik HA & e V)Ee] A2 ARG o U2 2848 24 8 5 T

59], B el ute 33k Ja S oAM= o wAlel did B =23 SAE A¥sek] dste] a3
YA Z3F(SLC: Spatial Link Composition) E2-& #-g3gitl, & e w2 ¥ J3 B4 Wioa= It
Aoz Ag5E AE 9H(Simple Feature) #A(AE IH Aol BWAE 4 #AE AHEST. A7)A4, A
= 9 X (Simple Feature)= X QW Eg o] dutxel 7 @ ML 2dlol 0GC & IS0 F ol a3},

olgloll A 1A= 4 A= BEe AFo] §le & AFE 3H #A(Simple Feature relations)s 97| g},

TAXHeR, AZE ¥x WA= equals, disjoint, intersects, touches, within, contains, overlaps
crosses= &3},

5 32 dubFQl AE 9H #AE YERA oA Eolt,

= 32 F Y ALHWEZ Alel9] equals, disjoint, intersects, touches, within, contains, overlaps 2

crossesoﬂ 3k A& v #AE YeRd
=

SLO2 &zt H= &4 o] A 3 gt s, § g w7 AEE ses (s, t)

woAAde] mhe FF 9 B gde B 93 2% BAElO9 §84S Auss) sl 914 B
B A 2 B0 dUEY B2 w4 2490 3, TN 93 BN PEe T 93 23 RA6LOL §
B bse Be B AT 2P/ Astel 94 WA A £ R B AP A £AE o) FFh,

T+ QlEE] 7k 8 el #Al(equals, disjoint, intersects, touches, within, contains, overlaps %

A4 A2 dshs w4 FAClRE F 40,320 7o TR EAEY, ddoz F1t QlEEE

Aeste] Z3sl7]= ofHoh. oo, & AAde] wE I HI g WHe o BA9 &5 AHsr] He

2510] g (score function)E ARESte] 914 Aol B4 =ME AAT. T3 HA A WS A510] 9

FE T3 =& ArE 7FsA, 7MY =2 23 Vs, PE w2 A BlEE Z1dE ¢ Q.
<

2 A 2 I3 23 A e I EEE(ses)dd E&FHoR HIEr] ek, F7F <lEE
(ses)2 A HEZ 93] AWM= FY(space) S AYAdstar, HeHE Adgz=o F3F AEEE(ses)S 9

olF, B WA Wl W AWA AuE son g3 AUAE NG, =, AduAd Jele] ¥iE
T2 AE E(ses) 9] ANFE 7o F3b Aeias A
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>

ﬁL

o F7F BeHS Y YA 23 2AGLOC 93
2~

o] 7 (3 g v A 05 9k G didt AdEAl F<(Problem Statement)& AW

RDF= dHolEHE 3 79l AlE (subject, predicate,object)® R@FH3T}. QEIE] (subject)E A (predicat
e)E E3 v EE] (object)$} AAHY. odE 59, (nuts : FR_geometry, rdf : type, ngeo
MultiPolygon)< X g9 X QW ER7} thg thd efYolets AME S YepdT,

A2 Jre} A AdEE = T3 dEE(se)Z ZoHETE. olE 9], nuts:FRE o] F3F AEE (se)E <

_4

ZH4 RDF A4 719k Wby 28 37k A4 1@ E(spatial knowledge graph)® Aoty , &3+ A4
= 6=, DE 3AHY, Ve HA4-Y 18-S e, EE oA (edge) ] M-S vebdd. 24 241

) E= vtk dEE(ge)E onletar, Z; oA e(predicate)= <l
HE (se)x gty oz tzty = o5 43 A enEd

1
%

= T

AAHAT). T ¥ HA EA4H 23} o] F213(Definition 1: Spatial Link Discovery) ¥ t}.
2 Mo E3F A aWE G R GEFE 22 F3b AEE A S, W $3F dEE Q43 7 FolAd, w3t
Fa g e ¥ Ha JE Slink (S, DE 2= AL Hx= 3. 974, 3 93 F¥ SLink (S,
T)= SLink (S, T) =A{(s, tr, t) | s S, t €T, tr € TRIZ ZHH, TRE ¢4 AAE Yepdlot.

T el 3 AEEE(ses) Akl F3F
3 AAE. 9 BA o W=
RCC8(Region Connection Calculus) S
2 9 #AR BE 71 33 #AE
AL IH FAg 7dte s HAystes gt

%3}‘; A WEZ Y 94 A 9
Simple Features), Egenhofer 2
q3ls] 7o Ao o].l,]x]ﬂl- 8 74 7]
= 371 A9 w T 4 AgHE

_Ee".z
)

2 91y wAe] 43 ovl DE-OIN meo] o8} M@ & glon], DE-ON mde T A9 AevEe g1 %
o B3 WAE ARk U AgHE EF EERA w0l

DE-9IM ®R®e 3 x 3  ux FyEL s

dim(I(g1) N 1(g2)) dim(I(g1) N B(g2)) dim(I(g1)N (92))
dim(B(g1) N I(g2)) dim(B(g1) N B(g2)) dim(B(g1) N E(g2))
dim(E(g1) N I(g2)) dim(E(g1) N Blg2)) dim(E(g1) N E(g2)) go) Aem = o, o

714, dim( - )= A eHWEZ g1 @ ¢g29] UF (1), AA (B) @ YF (B)9] mad (N)e o Ade & ut

gshe dgolth. dim( ) W= {-1, 0, 1, 2} & F At} o714, dim( - )] MW7 -1o]H A LHEF

gl ¥ g2 7o) wak A AFo] s ousta, 00 wak A ™ol H(point)Q! A& vkt Fgk dim( - )9

HL7F 1elW wap Aol M(line)Ql AE n)sh, 20| wxF AHL FF(area)dl AL v},

Sk, dim( - )9 ol WAL {false, truert T HHYE 7HX}. dim( - )2 o] W o] falseol™ Lz} A
7

dol 1&g oneta, trueold WAk Adol EAsHE AL uath o714, wa Age] EAlsh:
A ARe A, A, 995U 5 Aok,

DE-9IM Zde A1Z A (Simple Features) ¥A(o: equals, disjoint, intersects, touches, within,
contains, overlaps % crosses)E A3, olo] wigl A BAE= DE-9IMS] wx} 3L ARREle] A=
F U, FauE, 4 BA F disjoint+ intersectse] FFHo| o &= 4 9lom =, (s, disjoint,
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¥ 1
© DC EC PO TPP NTPP TPPi NTPPi EQ
DC DC. EC. PO, | DC, EC, PO, | DC. EC, PO, | DC, EC, PO, | DC, EC. PO, | DC DC DC
TPP, NTPP, | TPP. NTPP TPP. NTPP TPP. NTPP TPP, NTPP
TPPi, NTPPi, EQ
EC DC. EC, PO, | DC, EC. PO, | DC, EC, PO, | EC, PO, TPP, | PO. TPP, NTPP DC. EC DC EC
TPPi, NTPPi TPP. TPPi, EQ TPP. NTPP NTPP
PO DC., EC. PO, | DC. EC. PO. | DC. EC. PO. [ PO, TPP. | PO. TPP. NTPP DC. EC, PO. | DC. EC. PO. | PO
TPPi, NTPPi TPPi, NTPPi TPP. NTPP, | NTPP TPPi, NTPPi TPPi. NTPPi
TPPi, NTPPi, EQ
TPP DC DC. EC DC. EC. PO, | TPP, NTPP NTPP DC, EC, PO, [ DC, EC, PO, | TPP
TPP, NTPP TPP,  TPPi, | TPPi. NTPPi
EQ
NTPP DC DC DC. EC, PO, | NTPP NTPP DC, EC, PO, | DC. EC, PO, [ NTPP
TPP. NTPP TPP, NTPP TPP, NTPP.
TPPi. NTPPi, EQ
TPPi DC, EC. PO, | EC, PO, TPPi. | PO, TPPi, NTPPi | PO, TPP, | PO, TPP. NTPP TPPi, NTPPi NTPPi TPPi
TPPi, NTPPi NTPPi TPPi, EQ
NTPPi | DC. EC. PO, | PO. TPPi. | PO, TPPi, NTPPi | PO, TPPi, | PO. TPP. NTPP, | NTPPi NTPPi NTPPi
TPPi, NTPPi NTPPi NTPPi TPPi, NTPPi, EQ
EQ DC EC PO TPP NTPP TPPi NTPPi EQ

o

I, 0GCE RCC83F A1Z A (Simple Features) A Aol T7F wisg& Alashy, ol [ 2] 7145 ]

ot

n

X* 2
RCC8 EQ DC -DC EC TPP+NTPP | TPPi+NTPPi PO
Simple Features | equals | disjoint | intersects | touches within contains overlaps

o714, A& I A (Simple Features) #AI2] crosses AT A, AHF, AdFte A& &F, FHUHE
7

[ 1] B [% 2]5 ZAFFo=2A, 3 7HA F79 7ol EAlets 3& g0 + Aok, A HA /9 =%
2 6 7IK9 #AE EFs. & =°}, Compose(within, contains) = {disjoint, touches, overlaps,
equals, within, containstolt}. F WA FTFHe 2T A dFEE FEIG. dF B9,
Compose(contains, disjoint) = {disjoint, touches, overlaps, contains}o]th. Al HA FFe] 232 3}r}e
HATES AT, dE £, Compose(disjoint, contains) = {disjoint}e]T}.

2 o] 3k P gAHe A HA TR 2F[E TIwe R 9 @Al digk A& F& 1F3 (SIRTR:
Simple Inference Rules for Topological Relations)S A<t NE Els

B 23E AGE. o)Xl Ha 2F2 Ags] e 3 3 FA(se)E S ¥ 2FE vttt (1
3]el= SIRTRS] 15 7He] & o] 7]AE o] k. o7]1A, etre 7|E B elink® 9% TAE e ntrd
AMEA F29 A9F P93 nlinke 94 A4S Jedlc.
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# 3
No. | etr; etro ntr
1 equals equals equals
2 equals within within
3 equals contains contains
4 equals disjoint disjoint
- equals touches touches
6 equals overlaps overlaps
7 within equals within
8 within within within
9 within disjoint disjoint
10 contains equals contains
11 contains contains contains
12 disjiont equals disjoint
13 disjoint contains disjoint
14 touches equals touches
15 overlaps equals overlaps

22 F3 AEE AR S, i T AEE HIE T, 71 T H32 AF Slink, 9 #AE A% HE FE2
T+2& SIRTR S°] FoiAaL, SLC BdLe A+f a3 3 SLinks 1 = 288+ AL B2 39, A 30 H
A SLinkes, 1 & 93 2ol YEpd = .

SLink(S,T ) ={(s, ntr, t)Is € S, t €T, i €S UT:

J(s, etrl, i) € SLinkA

J(i, etr2, t) € SLinkA

J(etrl, etr2, ntr) € SIRT R}

SLC 2ee 1 dAlE "Aste APAE Fol7] AF WMoy, 5 7 aand o 7Ed 5 9t
A AR, A I HAE 7E Be S APE I3 J39 23l o3 wdE 4 ar, DE-9IM 7]RE
Ao sleE 2d 5 ook 7 WAR, SIC 2] AR DE-9IM 7Nk Akt vjwd w g o wgol
AA Bk

B. Y4 &A1) &4 &2 (Discovering Order of Topological Relations)

2 e F1 |43 gAMb oA ) Bl g FAE AASHE TA2 SLC RE a&4 A Fo
st gehg gt B odwe QA dAle g FAE AAs7] fste] 93 #AE A A (Rank)dH] #8239
StEE o] 83t} 270 e TS #e o2 AR Qs ¢ #A B84 £ME AAStE d AHeE
T S,

- =2 AARE 7 S B tre] AARE ThsAde] ESE, SLC 2de o3 A T " €X4E
7FsAde] woldth., 971M, AARE 7HeAde tro] etrl EE etr22 289 eSS Uehig.

- B2 2% s A B tre 23 Jhedel =S4E, SLC Bdd 93 tr¥ 23E A ¥ €A}
gGx4E ThsAdo] molRth, 474, 27 JheAd 2 tro] ntr®2 FF9 JFeAdS YERAT

- 2o Ak vlg: VEY 3 AUt BEFE SLC 2l & At 33 HAVF 89 JMeAe] molRt,
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S o] 3™ 4 9ul. =, 239 4 Score(tr)S
[ A

7814 1
Ru(tr)

5 tr) =

core(tr) Cp(tr) x Cc(tr)
a2 2

letr € SIRTR A etr = tr|

Rultr) =

ultr) letr € SIRTR)
w2 3
Cpltr) = intr € SIRTR A ntr = tr|

et intr € SIRTR)|
w4 4

Ce(tr) = Cf(tr) x Ff(tr)

84 5

lce € DE9IM (tr)]
Cfltr) =
) = = e DEoTM]

84 6

f)

Norm(f()) — f(')mam

[s78h4 11 WA [s84] 61elA, Rultr), Cp(tr), Ce(tr), Cf(tr) R Ff(tr) Z+zh2 tro] AALE 7beA, &
s, AR WS, AFE 84 2 FHY 24 yEdn. Fi(tr) o] ®M9= (0,109, 22 Ff(tr)= 2
< " F3F(search space)s oWgTE. Ff(tr)e] k2 5 7He] &3t <lElge] gt S 2 Tol| whe} 24 €.
fxz4o =, Ru(tr), Cp(tr), B Ci(tr)= A& olth. =, Rultr), Cp(tr), R Ci(tr)= 4 dHoly AES =
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[0108]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]
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H&olm, oo Apde] AlxkE 4 k. Ru(tr) % Cp(tr) SIRTRE 7|Wte @ AikeE k. Cf(tr)S DE-9IM &
dof wel A, 714 cem FLS ANt 245 YERAY. E=SH, Norm(f( - )2 Score(tr)& ALEE o,
Ru(tr), Cp(tr) 2 Ce(tr)S Arslsle= A3t &5clth. Score(tr)S AXbshe dAl= the3 2.

A4 TA withine] B2 =4S Z2A3 7] Y35te], Rulwithin)7F WA AxtgEc}. SIRTRO 7] %3} (% 3 Fx),
within® etr; ¥ etrp9 5 W2 YEPYH | etro] F 4% 300122 Ru(within)+ 5/307F €th. w7k =2
withing 29t #39 #AR FE3= 3 74 fFe] dow, 23t #a9 F v 15012% (plwithin)S
3/157} €},

A, DE-9IMOl A within® w23 F= ~EF (mask code string)e "T#FxxFxxx"o]T}. o]= withing X3}
I JEA AAFE G137 YsAe A WA, A WA, A HA eavt dgsithe 3E ofu|ghtl. DE-9IMe]
£ 9 /M9 2471 o= Cf(within)E 3/99 2t} dlE B9, 3 A9 g9 HAhzko]l Rul - )y = 12/30,
PO Doy = 4/12, and Cf(-)max = 6/9¢F o] Fojx¥, [F32] 6]& &3 Afsts A&k $
Score(within)& 0.278/Ff(within) 2.2 Ar=HT},

(]

Score(tr)= 54 dloly AE E& &8 TR0 AHFPstes H/\ & 7bsd, 23 75 2 A vEel
TVeAE Foste] gdA 24T 7 Jdvk. QA7)A, T St (supervised machine learning) &
H) AL 7] A 85 (unsupervised machine learning) 7]<so] 93] =42 4 ). 3FA|qk, o] E dlmgo] WS
Hojup | 2w xz= dukdolal vy WEUksA)7t fle (84 118 AREsHe] Score(tr) & AFEshe
Aol vl s},

rl

C. &7 dElg e A& 4 2 ZE #H (Accessing Order and Filtering of Spatial Entities)

2 e It 23 FANPHE 9 B9 g4 SAE AASte T HER, 37 qlEEE(ses) 9] A
< TAE AR e A SIC 2o a&A4S A= FoET. a&deR It dEE E(ses)d A
3t7] flalA e, |A IS AYdsta ZF 337 dEE (se)E ALHEF o #3t Qe e wg i),

It Bt ™ (Space tiling) &%t QlEEE(ses)E 1%k A9 7|WHolw | H3 &4 A HoA d AlEY
3 o}, FF BA® e n Ay ob# FXH(affine space) S ZF AFPel U X (edge) Aol InS THA=
3 FFE 4% hrs® Yaeth. o]F ) hrse= HE 1 € (N} X ... X Npoll 98] dd2ago] X oHEZ &3k
T2 AEEE(ses)®] Fa AR WMo AFAT hrst 98 AF A = (1), (1), ..., (1) 1 8%

e A9 T 5, 4 3 AHE (se)E T A EL ] &8k hrsol W gt

MEE S (ses) o] At A5 AAH7] f18ke] MBB(Minimal Bounding Box)<] 7d-& AME-g
. BB(envelop #}ilk 3h)E= X oHWEY Wake RE I EA 7PF Ze =AHS VA E A
Zg el Aol 7Pg A2 S o =2 Ao WA, A4 Ee Ao AAY ¢ Uk dE B9, 2
2 F A X QowER] g7F FoHYE MBB [(g)$} transform O (g)9 ZY FHHEE FY hr HALE T4
gt 29 o ge Y W E Helell = hr WAl wisgE e

=

7 AEE E(ses)d A £AE FAKCE AHAEA hr &, B F9 F7F AdEEHE(ses)S 7R+ hry A

<o A 95 Bt AL Ju|dtt. 27 &7 dEEE(ses)o] BEFE ¢ B2 %27 ¥7F HaE @

A%k 7hsAdo] wmolxlm® | SLC BEd o Algt 3t HAVF HE shsAdo] =olxth

Aypdog  H dye 7 hro duly @2 FIF QlEE S (ses) o] G =H A=A Lolof gl MBB 7]HF wiF

S B3 F3 QlEE (se)E $AHo 2 wsgstr] $138 My = (a se, corresponding hrs)7} AT, My 7%t
2 o

=2 wg3t7] 91§ Mys = (a hr, corresponding ses)& At 18 b, ME SR
hrg w83} 7] 93 Mus = (a hr, number of corresponding ses)® WEHHTH. npxjwto =z hrse= w3 H 3T
I AEEE(ses) ] Mol teh My lHAeco =2 ddr).

StA | MBB= ©4) FXF(search space)S &°]7] fslo] 33t AEEE(ses)E ZEHYSI=W AFEE = 9ld.
ol 47 #A trel WA, g = O (9)7F & sy diol, tr (O(s), O)) = T'tr (s, )& F



[0118]

[0119]

[0120]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]
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' ¢ r}. o] HA4E A L3} equals, within L containsE 93 7+ AEE S (ses)S D Yo},

Eoutgo|ds HA&dt Al 71A] #AAl(equals, within 2 contains)E A|$Sx, MBB 7|8 FEFH W<
MBBFilter( - )ollA disjiontE& F7Fde= HE AT 4= vy, MBBFilter( - )& disjoint(D(s) o) =
disjoint(s, t)¢ F& F&HL 7|Wto g disjointE eI, wabs, [$8H4] 4]014 Ff(tr) 2
713 o] © FAstEIh.

rlr
in
101_',

74 7

ISEP®|+1
{(s,t)|s € S,teT} +1

Ff(tr) =

o] 714, SEP = MBBFilter(tr)E 283 %o 27 AEES ses(s, )9 vbox 4 vpedic, 2 ubo] A
= PE(tr)7} [428H4) 1]9) BRo|uR Ff(tr)7} 0olu: RS wWAdy] gste] ®Aleh Bro] A5zt 1S 37}

@ & quh.

D. DORIC &322l (Discovering Topological Relations based on Spatial Link Composition algorithm)

% ba WA = Se= W] AAdel we F3F {3 S e g OLF—E]*Z‘(D)% et & Sae= Al
A GadEs vEhla, = Shis A2 B dadEs vEhlH, & S A3 B dadEe vEbdn

T 52 Fxed, B ugo wE ¥k 33 gAHe T OAES 7 AEE E(ses) Atolo] A BAS &
e Ykl Mgk RS AgEt. 53], 7 g3 gAEge 44 I dEE S, g 37 QdEE T
2 A Al AS JY oz ARgSTh, e, A T3 AEE S e oA 33 dEE T2 2 ZAA Wl &
b HaE2 38, & dSLinks, ) F=E JSLinke, pol® FIF HAE 7P RAAR, 22 ¥3F dEE S

=
T= A F7F QElE] Tl ETH(Estimated Total Hypervolume)®= 1 - 3 oA AT},

ETH(S)7} ETH(T) X
oA FE. 1
"o, wpxete® | 7
= A%=EA g,

=, 5 Zol7] Y3 S&F T A}, F3F QgL 4 - 10 3
O 11 - 12 A= *u]—‘% ‘”ﬂ #7 OTR™ TE]E % | 2E FPLY <4 F2E7 A4
t 3 oA 0TRe] Aol 93] EdMsx, &g 37k 83 Slink

oo
u
oy,
o
o
m
re
12
[
1o
H
N
Ll

|
O::

ehaube] £ 7]%59 getDiscoveryOrder () B discoverSpatialLinks()& %= 5b

W, A2 g daE]F5e getDiscoveryOrder VS Ar3shH, F AEQ F3t MEE S9F T7F 4
2 AMgEa, AZ 9% B4 0TRY A4 gl2Ex gdEy. 53], 2 - 10 32 MBBFilterOE 7|Ntez 2
B 24 Ff(tr)E AXrech. MBBFilter()E touches % overlaps #Alo]l ZE=E < {loeEZ Ff(tr)e
touches @ overlapsol] thall 12 AARAT. 28 th& 11 - 12 3B Score(tr) AAFSFe] o] = 0TR] F7}3Ho}.
vlzlgto 2 OTRS Score(tr)e] WHxlscoz AHFw o A=z g,

% 5cE s, A3 ©@A dag]EFe discoverSpatiallinks() 5 AW, A3 B4 daglFe] gHES
T AEQ &3+ QlEE S9} To) 4'&513_’, T2 Aol el AZ 9x] A tr 2 getDiscoveryOrder ()ol 2
) AAdE Zde™ A gl~E FPLE A4 Eggdd. wref, F37F 33 SLink7F oln] &AW, F7F YA Slink:=

gul o
7HA2th. Slinks= SoF Tell ¥3hel 7129 3F o7 g3k JAE Bk $3tel 44E T3 21 ¥
29 4 o

discoverSpatialLinks()E al@d &7 AEE E(ses)d /MFY WExEo R hrsE GA3TH, hro] 3 9 (s,
t)o] zF ol s 3 - 10 FE (s, t)o o] FPL Wisle] Y 7153k o712 elsit),
qkek tro] disjiont TAO]™, Slinkell (s, disjiont, t)& F7Fetal, 28X &2 HA$ (s, tr, )& “HA

A e o7 kgt
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g, equals g, g, touches g, g, overlaps g, g, contains g,
‘@
g; within g, g, disjoint g, g, intersects g, g, crosses g,
EH4
‘@ ")
g, DC g, g EC g, g; TPP g, g; NTPP g,
“(®
&1
(o)
g PO g, g EQ g, g; TPPi g, g, NTPPi g,
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Algorithm 1: DORIC

L= -RE N E- Z  I

[
>

11
12

13
14
15
16

Input : S, T, A, SLink (optional)

Output: SLink

/* index S and T x/

if ETH(S) > ETS(T) then

| SWAP(S,T)

end

spaceTiling(S, T, A)

foreach se € (SUT) do
H,. < computeHr(Use)
Mgy < Msg U (se, Hy.)

end

Mpys + computeHr FirstMapping(Msg)

Mpuss  computeQuantHrMapping(Mpus)

/+ compute discovering order of TR
and generate filtering pair list
*/

FPL <0

OTR <+ getDiscoveryOrder()

/* discover spatial links with TR «/

foreach tr € OTR do

| SLink < SLink U discoverSpatial Links(tr)
end
return SLink

_20_
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Algorithm 2: getDiscoveryOrder()

Input : S, T
Output: OTR
1 foreach tr € TR do

2 Ff(tr) < 1
3 if tr N {equals, within, contains, disjoint} # 0
then

4 foreach s € S, t € T do

5 if M BBFilter(s,tr,t) then
6 ‘ FPL + FPLU (s,tr,t)
7 end

8 end

9 compute F f(tr)

10 end

11 compute Score(tr)

12 OTR < OTRU (tr, Score(tr))
13 end

14 sort OT'R in descending order of Score(tr)
15 return OTR

ZEH5c

Algorithm 3: discoverSpatialLinks()

Inmput : S, T, Mys, Mpuaus, tr, FPL,

SLink (optional)

Output: SLink
1 foreach hyperrectangle hr € Mpys do

2 | foreach s € (SN Mpys(hr)), t € (TN Mpys(hr))
do
3 if
trN{equals, within, contains, disjoint} # 0
then

4 if (s,t,tr)N FPL(tr) # 0 then

5 if tr is disjiont then

6 | SLink < SLink U (s,t,tr)

7 end

8 continue

9 end

10 end

11 if SLC(s,t,tr,SLink) then

12 | SLink < SLink U (s,t,tr)

13 end

14 if DE9IM (s,t,tr) then

15 | SLink < SLink U (s,t,tr)

16 end

17 end
18 end

19 return SLink

_21_
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