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T, w7 W3 g W 37k 33 23 2U(SL0), 4 BAY g = L F3 AdEEY dE S4E
Zidko 2 9 BAle ¥ HAE ggHow gAas 5= Q).

os), ¥ wtio] Ik YA g W H OE 98k Ao gk AFEA % (Problem Statement)S AW EE
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RDF= HlolEl1E 3 719l AME (subject, predicate,object)® 2=g &}, <MEJE] (subject)yE A (predicat
e)E E3 ¢ EE] (object)$} AAHCY. odE 59, (nuts : FR_geometry, rdf : type, ngeo
MultiPolygon)< X g9 X QWER7} thg 1ty efYolets AME S YERdT,
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v b AEE (se) e v]FIF QdEE (ge)E onlsta, Zb oA e(predicate)= <l
E] S YEdth. 74 331 dEE (se)v 9o o4y EE oe g4 A oHES
¢} AAHAY, T HI BAe FAHE S o] T3 (Definition 1: Spatial Link Discovery) ¥ t}.
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3 AAHA. YA #AAL Ao wAdE 3 UHA TRV do, AE Aﬂ(Slmple Features), Egenhofer %
) Y & ATk, A W Z7e HEE] g2 wale oYXk, 8 71A] 7]

= 5_5

%)
a3k = ok & Aol E 3 kA e W T de AMgHEE

w
@D
v
=2
R
o[o
ol
o
rlr

= AL Ee] 9 dAel 9

RCC8(Reg10n Connection Calculus
B WAR vE bsd 30 wAE

AE A gAs 7ite g AYse® i),
7+ oA} BAle] A& on= DE-9IM EPlo] o8] AWE 4 glon ) DE-9IM BEe T Ao XovED g1 &
g29] ¥k WAE Adels d AMSHE AT EXEA B

DE-9IM  ®® 3 x 3  nx PP  ao T¥EEY, 3 x 3 unx PP

dim(I(g1) N 1(g2)) dim(I(g1) N B(g2)) dim(I(g1) N E(g2))
dim(B(g1) N 1(g2)) dim(B(g1) N B(g2)) dim(B(g1) N E(g2))
dim(E(g1) N1(g2)) dim(E(g1) N B(g2)) dim(E(g1) N E(g2)) o gol gelm - sl o

714, dim( - )2 AW EL gl B g2 Wi (1), 44 (B) 2 &5 (B)8 a3 (n)e] Hd akle] =& wt
@k gerolvh. dim( - )9 W= {-1, 0, 1, 2} & & Aok o714, dim( - )] W7 -lojd A emEd
gl 2 g2 ko] wak A H o] a5 ovstal, ool wak Aol A (point)l AS omgtt. EFE, dim( - )9
He7F 1ol wap 3ol A(line)]l A& ofvlatH, 2019 wap A2 g9 (area)d AS v gt

E2, dim( - )9 o] WL {false, truetst &2 WHE 7RIt dim( - )9 ©]X] BHo] falseol™ Lzl #|
Aol 2 ovlstaL, trueol™ wak Aol EAfshz AL ou|drh. of7)A, WAl A 3] EAE= A

A ARe A, A, 495U 5 Aok,

flo

DE-9IM =492 4E I X (Simple Features) ¥AI(e]: equals, disjoint, intersects, touches, within,
contains, overlaps % crosses)E AFE3H, oo uwlg} YA A= DE-9IMS] wx} FHE ALE3te] AAakE
g, Fuz, Y94 B F disjointi intersects? F3Ho] & aEF 4 o =, (s, disjoint,
t) = ' (s, intersects, t)Z ¥dE 4 it}

_—

olet, & wHel whE ¥t YA TA Szl s 7AHer AWstES vk o7|M, ¥ P g 53
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=
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H71

o

3o 2 DE-9IM 7]Wke] A

1
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=
=
SR K

=

H 7les AHE

=
£3 Fol= DE-9IM 7]uF Axke] El5=7) o

i}

=]
=

16y

[e]

1

o}, ze), DE-9IM 718k A
-

+od

o

A+

=

=

CEl
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-
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L

L
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S

+ d(Spatial Link Composition Model)
A

=
i

3 @] o)

4

s
<!

3l oF

[0066]
[0067]
[0070]
[0071]
[0072]

e

)

Link (S °

i

o
~H

]

=1

ao

b

on

[0073]

o)

on

© 7 FelA

Link (I ° , T

l
=

el

3 (s, r, 1) €Link(S°,1°) A 3 ) €& Link (I°

SER
1

|

12 (Simple
Al

]

NTPPi¢} &

S o
i

pi

ok
o 1.

to}. RCC3
4

pal

o

k)

=

A

o

A
2 gAs] A

1

3]

LERAT

HAZ T

RCC8o) o
113 2o}, RCC8 #A (try,try)e] 2+ Aol tf

=

epie

A

.

(sey, try, se))® 2%

=
=

B
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HEe] Atele] 7}
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e
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-

WEZ gl g2 Alo]e] RCC8 TAIS] 4
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of €e] A8t}
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32 (Simple Features)
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Ael A

Aol AemEe Aol
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[0075]
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[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

SES4 10-2215099

¥ 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.

_11_



[0085]

[0086]

[0087]
[0088]
[0089]
[0090]

[0091]

[0093]

[0094]

[0095]

[0096]

[0097]

S=50 10-2215099

# 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

2 w2 AEE Je S, oA F3F AEE A T, 712 3 93 JF Slink, 9 #AAE 93 HE F2
T2 SIRIR So] Fo]A 1, SLC BEe A3F &3 B3 SLinks 1 =& 23stE AL Bx=z 3bu, A5F 33 9
3 SLinkes, 1 & T3k 2o yeld 4= Qo).

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 Bde 9 AE "Ashs AAAEE Fol7] AT WHeRA, F HA ane o3 7ad 5 9l

A WHAZ, A T HAE 7E B Skl AAE 33 HAY Z2Fel 9§ &AE 4 9dar, DE-9IM 7]wt
Al 4E 2 4 Urk. F HAZ, SLC 2l A3E DE-9IM 7|k ALt vjme uf Aoz H]go]

R ouwbge) B3k 93 Aol 9 wAllel B eAE Adete B Slc wEe] BaHQ Agd Fa
@ Qekg Fvh. Bomge 94 wAle 9 AE 24 sl 91 S BARank)3Y] A 2510]
FaE olg@h, 2o FHE Ut g oj2H AR s 94w B #=AE AgsE o AgE
2= o]r/}

T

- me AMS A 99 B ) A Jbsdel £34%, SIC wHd od A ¥1 Jast $AP
FeAol mohth. o1, ARG A trol etrl B etr22 B8 5AS veha

- Ee 23 Ve 9 WA trol £2F bl 55, SLC Bl o3 trit &3 A4t 31 Havt
gAE 7hsgdel Foldth. 7M., 2% 7beAS tro] ntr2 §5E 7HedS vEhdt



[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

SES06 10-2215099

AE A AA trel g 230 5 Score(tr)S o Zo] xdE 4 Ak, =, 230] 4 Score(tr)
(584 103 o] BAS T, [£34 112 (5344 2] WA (5344 619] 98} =58 & Ak,
w4 1
Ru(tr
Score(tr) = )
Cp(tr) x Ce(tr)
w514 2
Ruftr) letr € SIRTR N etr = tr|
(i) =
letr € SIRT R|
we4) 3
it € STRTR A-wgr = tr|
Cp(tr) =
intr € SIRTR)|
e 4

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

784 5

_ |ce € DE9IM (tr)|
~ |ece € DE9IM|

Cf(tr)

(=& 1] WA [$8h2] 6]olA, Rultr), Cp(tr), Cc(tr), Cf(tr) 2 Ff(tr) Z}zH tro] AALE 7bsA, §
, AR HE AFY .4 9 dEY 245 JERATE Ff(tr)e] ¥ [0,11019, 2 Ff(tr)&= 2
T3 (search space)S 2mteh. Fi(tr)el g2 F 7le ¥t AdEEe F3t S & Tol wah A% ).

o= Ru(tr), Cp(tr), 2 Cf(tr)= AHAotk. =, Rultr), Cpltr), ® Cf(tr)E Y2 Hlolg AES &
Zoln] | olo] Abxoe] AR S 9ltk. Ru(tr) 2 Cp(tr)& SIRTRS 7IWke & AXETH. Cf(tr)& DE-9IM =

_13_



[0106]

[0107]

[0108]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

S=54d 10-2215099

dof we} A, 74 cerm B8 ANt 245 YERAY. E=SH, Norm(f( - )2 Score(tr)S ALEE o,
Ru(tr), Cp(tr) 2 Ce(tr)S Arslsle A3t &5clth. Score(tr)S AXshe dAl= th&3 2.

A B4 withing B84 4= Z2As7] YAske], Rulwithin)7F |4 AAkg ). SIRTRO] 7] %38} (& 3 #%),
withine etr; =% etr,?] 5 B2 YElH | etrd & 4% 30°]2=2 Ru(within)& 5/307F Ath. w72
withing 23t #39 #AR FE3= 3 7HA Aol dow, 23 #A9 F = 15012% (plwithin)S
3/157}F €},

kA, DE-9IMOl A within®] wh=3 I= ~E" (mask code string) "TsFxsFxxx"o|Th, o] withing H-r3}
I JEA AAFE 137 YsAe A "HA, A WA, A HA eavt dgsithe & ofu|sktl. DE-9IMe]
= 9 /M9 847t JermZ Cf(within)E 3/99F 2k, A& o1, 3 /MY &4 FHdigke]l Ru - ) = 12/30,
Cp( * Juax = 4/12, and Cf(-)max = 6/99F o] FAXH, [FT4 6]S 3 AHAfseE H&3 +
Score(within)& 0.278/Ff(within) & & A-&Ht}.

Score(tr)®= 54 dloly AE & && T AFPSe: AR 7tsAd, £2F 7Fsd 2 AL Hl&
A E Fojste] A 24T 5 v, Aq471A, JheX e nAF 7)1 AIE5 (supervised machine learning) &
B WA} 7] A 85 (unsupervised machine learning) 7]<o] 93] A9 4 g}, kA7, o] X wige] WS
Hojup | 2 WA= dutAdola vy WA fle (84 118 ARE3Ste] Score(tr) & AFEste
ol vl s},

@om

il

. 37F dEEle H2 4 2 e Y (Accessing Order and Filtering of Spatial Entities)

C

Bowrge] b U3 wamie 94 wle] B 242 Agels 547 WER 27 oEE S (ses) 9] A
T #42 A4se AL S wEe] &84S FAATIEY F2ET. 8RR 7 AEES (ses)o] A
37 9alAE, WA TS AddAsn 2+ 237F AEE (se) S A oWEd] Bat oleze] g},

F7F B9 (Space tiling)e FZF NEES(ses) 2 9lak olgja 7wloln], 22 g4 AaglolA de] AEE
3 ok, T gdge n 2 oA Fzl(affine space)S ZF 29 Ed3t A (edge) do] Ing 7+ &
& ZE 2% hrsE etk o]% hrsi WE o€ (N X ... X Nol| 98] QlEase] Ao Ha
T AEE S (ses)®] F& A4 MAOR ALHT, hrsE 94 A5 A = (1), (1), ..., (1) & aA

skl F3b dloly M E uwhel =4E 5 .

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

il

AEE S (ses)?] A A5 AAHS7] $18ke] MBB(Minimal Bounding Box)2] /NdS A3
BB(envelop Etalkx $H&E AW ER] Wk RE IJEA 74 2 SHUS 7K+ F
e o %% X}C’JQ] HA, AF Ee Eﬂr‘:} iﬂx—i%l g Utk dF E°], 2
¥E IY hr A ZE FA

=

st 29 o gv= Y HE WYl 3)\*‘5 hr ‘ﬂ of wj=g ¥},

T AdEE E(ses)d A AT SAHoRE Y hr &, B2 79 F dEEE(ses) S AT hre] A
Lo A 95 Boete AL vttt 27 &3 dEEE(ses)o] BEFE ¢ B2 %27 37 HaE @
A%k 7hsAdo] wolxlm® | SLC BEd o Algt 3t HAVF E shsAdo] =olxth

Aypdog  H dyge 7 hro duly @2 FIF QlEE S (ses) o] G 2H A=A Lolof gl MBB 7]HF wiF
< T3 T AHE(se)E FAH SR mgstr] 9% My = (a se, corresponding hrs)7F A ETE. My E 7]
o7 hrE $dHo= ujFsr] 93 My = (a hr, corresponding ses)E AT, 28 e, Ms FFH o=
hrg w83} 7] 93 Mus = (a hr, number of corresponding ses)® WEHHETH. nlxjwto =z hrs+= w3 H T
T AEE S (ses) Q] Gl et Mol MHAToz Hd).

SkA | MBB= ©4) FXF(search space)S &9°]7] fslo] 33t AEE E(ses)E ZEHYS =W AHEE = 9ld.
Aol 917 A trell siA, g < O ()7 3 AHs] e, Ttr (O(s), Ot) = Ttr (s, )E F
AE 4 o}, o] £A4S A 83} equals, within ¥ containsE 93t F7 AEE S (ses)S DE]H 3T},

2 #HdMe Hegt Al 7EA Al (equals, within 2 contains)& Alelskar, MBB 7I¥k FE(E W<l
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[0119]

[0120]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

SEE46 10-2215099
MBBFilter( - )olA disjiont® =7bdo= #Wel=dat 4 ook, MBBFilter( - )i disioint@(S) Hw) =
disjoint(s, O F& P& IO disjoint® AHFAT. webA, (5544 4]l Fili)s (5344
713 o] ¢ A 3E ).
w214 7
SEP®| + 1
{(s,t)ls € S,t € TH +1

Ff(tr) =

1714, SEP” MBBFilter(tr)E 8@ F9 T AEEE ses(s, )9 A S Yepdrh, 2 o]y
= Fi(tr)7F [478H2] 119 #Rolu = Fi(tr)7} 008 & AL WAEY] f3te] #xtet 1 gk 1S F71
sk 4 9l

D. DORIC &a1#]& (Discovering Topological Relations based on Spatial Link Composition algorithm)

% ba WA = 5ci= & o] AAde mE F3t dag]F(D)S YeldY. & 5a& Al
g dngFS YERNA, & bbE A2 84 duEEs UrEPlH”%, 5 5cE A3 g4 dugEFS YERAL.

o
o
ot
3
=
T
o
o
2

T 525 FEshd, B ddge wE ¥ Y3 AN T AES F7 QEEE(ses) Aol 94 #AE B
As7] st At WHE Ay, 53], ¥ HA §AYHES A 33 JdEE S, o 337 dEE T
2 AN A AE YdEHoR ALESY, T, a2 7 QlEE S e U F3F EE T/ 2 AA] el &
v 3% xgshd, & ISLinks, ) T ISLinke, pold #3F HAE AT, AAR, 22 FIF AEE S
T= A F7F QlElE] Tl ETH(Estimated Total Hypervolume)®= 1 - 3 oA AxtE Tt}

ETH(S)7} ETH(T) Bt} &
ol ", 19 T 1
Hrh, Ao w7t

= A%=EA g,

e}
U
N
O
£
o
-0,
g,
).
o

S e~ 7|5 Fol7] Hdl S& TE wAse. T J9d2 4 - 10 &
- 12 o= AE A WA 0TRI} Y 2]=E FPLO| =4 F,]/\Eﬂ 34
13 - 15 g4 0TRE] =A1ell 93] EAx, Ad I3 3 Slink

WHel 2 7159 getDiscoveryOrder() % discoverSpatialLinks()& = 5b

oE

%= 5bE FxsW, A2 B4 dag]He getDiscoveryOrder V& A é}ttl, T AEQS I3t hqa set T7F 94
o8 ARgEG, AE A #@A 0RY &4 #B2~E+ gddnt. 53], 2 - 10 ¥ MBBFilterOE 7|¥ro = &
BH® 24 Ff(tr)E 7AX3Y. MBBFilter()& touches 2 overlaps %{rﬂ] o Hgd & %*EEE Ff(tr)&
touches @ overlapsol] thall 12 AARATG. 28 th& 11 - 12 8L Score(tr) AAMSFe] o] = OTR] F7}3ko}.
upx]eto 2 OTRS Score(tr)e] WHX¢oz AHHy 1 Ax=z gud,

% 5cE s, A3 ©@A dag]EFe discoverSpatiallinks() 5 AW, A3 B4 dauglFe] gHES
F AES I3 AdEE S To] 23FH I, I3 AR, shvte] A& TA #A tr B getDiscoveryOrder ()l <
a AAdE HE™ 4 2 2E FPLS 7 xFHCh. wheF, I3k 93 SLink7b o)n] EAlE, F7F FA Slink®
7 -&t). Slinke S€F Tell 23hd 7€ 31 FA0/AY 3t HAE s 1t AdE 3 33 ¥
29 4 o

discoverSpatialLinksO)¥ al&d &7 AEES(ses)o] 759 WHAECZ hrsE A%, hro 3 & (s,
t)o] Zb 2ol ol 3 - 10 2 (s, t)9] o] FPLA diste] HEF 7ledtA] oA FE 1o},

gkek tro] disjiont TACIW, Slinkel (s, disjiont, t)& F7}eta, 184 & A (s, tr, ) “Hf
A e o7 Wity

a0, WAL 5 g Aol AE, G, tr, 09 25 PAS 11 - 13 A8 B3 gAT 5 Aot vpATe
2, WA ga B T 5 G sotr, 0D Aol 14 - 16 §2 Fal DE-OI [ ANS Fa,
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[0133]
[0134]

PTHE OPSEBTHRL S ST B s T T o B Enw oMy oW
TR Bl cx® 2 oW B o T WK _ﬂmuwr R N T R
W S BOE R e U O N N0 W S S ml o
D . —_ = — n ~ ~a 4
TH TP < pE D = e W = SEL B ®TE RS o 2
f —_ ! SR T [y o - ~
=2 " lawE = FBJ T We BE STz 2 m¥g wf w @
e Ryl 0T ORISR wy 2w A A A
W 0 S T B ~ A ) ' o o I
iy o r HAXW RS HAXW ) ) ‘zmc pEﬂﬂl b N Ho = ° = . Wu b ooy W F e A <A oF
% W e R A== A Woosr R B
oo W T Do - <] o P ® o W Mo 5wt o Y W W g
5 P ,wmﬁ%ﬂﬂ % oo 2 T g oo g 3 %n% Ho o
o [ iy ) N — N = - - -
7 ety EEE o XN Ten Peww.pr LoE wm. T g
Jo W 1o B T o 5 D ° 3 g WO e L iy ooX
CxE P E s g T T o ) M R 2o 4| o D R -~ = S i
D FEEZE X B %9 N o Al % woe MR M D E =T i
Pez Defdin wm Eox s % FTu¥ P oz oy oazd wPE R g
wo- = < = — OF % L, EE ,)\OI L X
o W E TSR TR o 1 ox o S 5 S - X W
R AT e W owME N £ S Ty Doy TEER g 3%
0 R — 5 o AR > ~ — ﬂﬂ ﬂ(urﬂr w o oW 37T F ™
woE K@@y, T zTwx o  Tg I - R T - - B S {
= Fo O Tx o mo kR = Hog e ) o) =T AP e o &R Dl SEH & %
HoF s, ETEx = ESgL P & Py oo AN L B a“_mm U i
v ; X = NN I~ s g
WEZ BLL ST (AR R oy T Pam B Prs Moo F
RAT PR Ie® o wowmi o gL Bmir ¥ MR G M @Ay *F
OB pEoERE T pw o owmog xl Boaee T om¥o o Sagy MRE o 0B
I ol N ® o @ EZIR oz e Ay W N T I P R T
T o womm Ay R FTEE g .2 SLRL T T2 % 28T PFA W 3
o M I < g D T T = A = &ﬂmﬁ RopE p BN g o e
FHE SR ITgwo. o m®_womy §N BB L SE W Faa P g R
WS %%%@2% Py o og S ok ® Vomm o 2% n TEEX LETE 50w
S ReoRe - A A S R O i MeE RS o SO o Tl g° T T
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Algorithm 1: DORIC

R 7 I N I S

[
>

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
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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
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