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MRSPAKE : A Web-Scale Spatial Knowledge Extractor
Using Hadoop MapReduce

Seok-Jun Lee" -

ABSTRACT

In this paper, we present a spatial knowledge extractor implemented in Hadoop MapReduce parallel, distributed computing environment.
From a large spatial dataset, this knowledge extractor automatically derives a qualitative spatial knowledge base, which consists of both
topological and directional relations on pairs of two spatial objects. By using R-tree index and range queries over a distributed spatial data
file on HDFS, the MapReduce-enabled spatial knowledge extractor, MRSPAKE, can produce a web-scale spatial knowledge base in highly
efficient way. In experiments with the well-known open spatial dataset, Open Street Map (OSM), the proposed web-scale spatial knowledge
extractor, MRSPAKE, showed high performance and scalability.
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georesource:2297418
rdf:type geo:Feature ;
rdf:name “<Seoul>” ;

geo:hasGeometry georesource:geom_2297418 .

georesource:200227274
rdf:type geo:Feature ;
rdf:name “HanGang” ;

geo:hasGeometry georesource:geom_200227274 .
georesource:geom_2297418
rdf:type geo:Geometry ;
geo:asWKT “<http://www.opengis.net/def/crs/0GC/1.3/CRS84>
POLYGON((126.763987837.5549376, ...))”
Anchttp://www.opengis.net/ont/sf#wktLiteral> .

georesource:geom_200227274
rdf:type geo:Geometry ;

geo:asWKT “<http://www.opengis.net/def/crs/0GC/1.3/CRS84>
LINESTRING((127.3059215 37.5160799, ...))”
Anchttp://www.opengis.net/ont/sf#wktLiteral> .
georesource:200227274

geo:crosses georesource:2297418 .

Fig. 2. Example of Spatial Knowledge in Turtle Format
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dimE(a) nI1(b)) dim(E(a) nB(b)) dim(E(a)nE(DH))

Boundary(B) Exterior(E)

]’ ‘I‘Oi»)\e L[H, = 7]'9] DE_9IM
wx g8 AsbslE T2 Equation (D3 2t} dge] 7+
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St HMsE M11=(2016. 11)
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spatial objects

Fig. 3. Example of DE-9IM Intersection Matrix

Table 12> DE-9IM 1*} 3 (intersection pattern)™ =

247k g gahs 4 WA AEAES Uehid. § 3t 4
A 718184 wlolE Z5E DE-9IM iLx} 3ol AAEH
W, o3& EUR Table 1o wet F I3k AAE Atolof

UEEE Y BA AeAE 24T 5 ok wEA Fig.
39 e A} 212101212 &= TTTTTTTTTE Table 1
o os] “AA ax= bl AXtHa overlaps with b)"gh= ¢
A BA R e = 9t

ArtE DE-9IM wap @de] dab= oz 4 i
AEAE uiskA etk &, Fig. 39 #dde] A3

e
overlapsEh= A4 #ARES onjgith, g DE-9IIM +
WA} A Lf B £4& ad2 o] &317] wiol
BE A A W BYY F 78keE ey 7he] 914 A
g A

g g AR BRF & ks ol k. s,
I BYE 2R o] &3t WS awE A Atte] &
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Table 1. Decision Table for Topological Relations
DE-9IM Applies to Topological
Intersection Pattern Geometry Types | Relationship
(FE*FFsss) All <disjoint>
seksksksksksk TkskTksksksksk
;IZ‘E*T****)Y T ’ All except P/P <touches>
(TFFFTFFFT) All equals
(T*T**T**) for A/A, P/P;
(FTT%) for L/L A/A, P/P, L/L overlaps
(THE#HRek) All within
(TH*HF**FF*) All <contains>
E;g***};) )fofrorL/F‘L/L P/, L/A; P/L, P/A, L/A, L/L crosses

Point(P), Line(L), Area(A)
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O Adgst T3 A4 1d AAE EUE T 3 AA W2 Table 29 we} 7 31F AA Aol mbEy] = vk
el Wl 9 7AW #A A< A (north, north-east, A AMeAs A4 & vk wEbA Fig. 49 pst p'el
east, south—east, south, south-west, west, north-west, o]F = Wz 180°% Table 20 93] 212 B A9 &
identical) & 3t st Al FHY WL F 2ol QITHB is south of A)& WaF #AR HET 5 Qivh
A4 2] MBR(Minimal Bounding Rectangle)s &tal ol& A - ZF Al MBRY 2 FAHAEE o]&std
o] FAIA 7he] WEs o] &at= Aol Fig. 49 A B} Zo] &t AA R 33k AAE

deME A BFES 78 5 dvke GHel stk 84
p,—p, oo W 1 EYS MBRY FAHASE ALY o
ANGLE(p,p') = arctan(m)*lé%O/Tr 2) o] AsAe] T WolAhs gale] 9t}

T MBRY ZA#o] FolAL uwl, & Aolo] FAHE= 33 CiARt HY 527+ 2 e
WEzte ALtele 34 Equatlon )¢ 2o e 2 Rl A ARjbeE B3 A FE IS Tl ¥
T A Abele] 71&71¢] o-whAl E(arctan) @S ©]8-3te] Al o HolH7E Folh S W olF 7He] Jbed BE 3 A
Abstt g gdddof gl olelg tAke] I3 #AAE wdE)

7] fEiA e A8 EE 31 HolHE FolA s HolHE
0° whE A o w2 sk dAstal 7l dlolE 7l AAd wnith
A A 2E I3 dlolH e 4 A WY #AAE

A oF st 9 dAS Wk AA 2AM e 5HA e

2 FYE7] wZo] F3F vlolE nofd s F 2nwe

A Fgo] eHn. Wi Hor I3 BAE AHIe

4L Fig. 59 #Zth.

Iterative Topological extraction :
Base Targets Base Targets ‘ Base Targets
3633334 3653334 3633334
3683334 < 297418 || 2297418 < 287818 || 2189621 < 2297418
Fig. 4. Example of Direction Angle _use ‘ | Hee ‘ | Hse

<iteration 1> <iteration 2> <iteration 3>

Iterative Directional extraction:

oA, Fig. 4914 F &3t A A, Be] MBR¥ o] &9 Base Targets Base Targets Base Targets
%_/]\:17@[ pﬂ_ p/o] _7__0-] ;i_% U’H7 Equation (2)oﬂ ‘CL]EH DQJ_ p/ 3683834 3683834 ‘ 3683834
Afolo] #AEE WEke 180°% AAET. = MBRO % 3688834<2297418 ‘ 2297418 <2297418 ‘ 2189621<2297418
Yol o) WPzl A, Fig 49 DA e

=
F o AA ke g uA Mexs ddsd ¢ stk

= Output knowledge:
Table 2= F MBR| FAHlAlo] o] #akzte] 747} o 3688834 equals 3688834 2297418 <contains> 3688834 2189621 <disjoint> 3688834
IR - - o i 3688834 within 2297418 2297418 equals 2297418 2189621 <disjoint> 2297418
ot WE WA MeAsEs dvEdth 7 33 A9 7 3638834 <disjoint> 2189621 2297418 <disjoint> 2189621 2189621 equals 2189621
=] = =) - g o “ —= <iteration1> <iteration2> <iteration3>
shers dlele=rE 2 ¥t AAS Feiss MBRe| ¥ 3688834 identicalTo 3688834 2207418 <south> 3688834 2189621 <south> 3688834
AHES F3la o]s 7reo] HWHEkZtS AAbelH, o]AL E 3688834 north 2297418 2297418 identicalTo 2257418 2189621 <south> 2297418

3688834 north 2189621 2297418 north 2189621 2189621 identicalTo 2189621
<iteration4> <iteration 5> <iteration 6>
Table 2. Decision Table for Directional Relations ) - ) )
Fig. 5. Pair-Wise Iterative Knowledge Extraction

Applies to .
Angle Geometry | (Directional )

11955 Helationshio Fig. 5= 3709 37b d]o]E|(368883466, 2297418, 218962181)
[0°~ 22.5°), [337.5°~ 360°) All north o WaA Fed mE 9 TS e BAE wwas
225 0757 Al north-east 9L vehdoh WA, 94 WlE we] e
[675°~ 112.5°) All east A GOlEE ZoA 1A 7)E(base) 0.2 AR 14-U1x]

[112.5°~ 157.5°) All <south>—-east E’_% ]O]Ei(target)%/] ﬂ*c} BAE BAEE gRe
00~ . south>-wes =z 0o A Ak HE = 0 E o] oA} FA7
(2475~ 292.5°) All — IE_E ; Zyntﬂ U ]EMOE 003714 o ;H:j |

[202.5° ~ 3375°) All north-west s 3 e 2 9o 94 BA wEw

o}
P = P (no angle) All identical =, &3 "olE7t nolEbd n27H9] S BAZE A
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(A) Spatial data (B) Primitive MBRs of spatial data

1 za N b3 i
A == Tk

(E) Intermediate node MBRs (F) The root node MBR

(G) R-tree index structure of MBRs

E @ =3 [51 [

(D) Leaf node MBRs for R-tree index

| 7] ¢

(C) Primitive MBRs for R-tree index

A B

AN N

iid
B
[s1el7] [e]¢]

(1) Data accessing using R-tee index

Fig. 6. Example of R-tree Index and Range Query

Wk ) B oleh Y] ulEed BE ¥ A A
Hgol dmEW M9 T #AV WA Fig 59
2o tazie] A4 B WAE WEsE P, Aol
wEAow g Woi tiel dolegel F2ar] 9
@ on2e] Be A e o wAs B wAE B
Aat7] 919 2n?wle] Be B4 ugo] a7H Ag o
TN E hekel dloleel tg A Pod 94
w3 WAE mgdor BAE 93 23 ol
g ggor R-E¥ A0g TEHEn ol By 4%
tole o] XA o]gste] F1t dlolE e H n& F
1 BA A HES Folizt shgith Fig. 62 R-E A4
A7} o] & 7Rk 2 Fefat= HE Ao o & e

[e)

b
=

(spatial index) & 7} Wo] 2ol= R-Eg A
A2 (MBR, minimal bounding rectangle) <
ok Wy 7let dolHE AAgsti E8AoR
3 E] FZ(tree structure)?] #j2lolt}, R-E
A otoltjol= F3F HolHES A9Go] HAE R
4 o] X(nearest neighbor)7]2] MBRZ 1 (group)
= Zolth o7, Fig. 6A%H #o] R-E¥] A&
sk7] f1gk My 7)et AAEe] EAGTHE, WA olF 77t
%7] MBRE (primitive MBRs)< A4 4= 2l31(Fig. 6B),
%7] MBRE(1,234,5,6,789)°] A%t= ¥ (Fig. 6C), Fig. 6D
a b, ¢, dst Ze] Mz 243 %7] MBRES o9 ==
MBRE (leaf node MBRs)ol| Hro] 1FS et 2 =&
oA AFsE Hake == MBRES R-Eg AoA
a9 ==& 438 MBRES vt} 1 |
M a, b, ¢, d& UHA Fig. 6E9 A, B} o]
MBR(intermediate node MBRs)E°] W7o L&
}4E& wEsEA BEE MBRES e 4
MBR(the root node MBR)7}4] %HEth(Fig. 6F). o] 2 A vt
Lol MBRES WHAHEZ AFE e R-E &
%% & JthFig. 6G). R-E7] A9 Hout oy A
2 gxHoz HY Zo(range query)E T u I
I ok o7, Fig. 6HAlA 9 (range)dll 3l@st=
R

O U e
ol
L

B
o

fo v o gt oo N O

Festtta 7hgehd, HA2 Fig. 619 2o] 2734
o A Alztate] 9 Aol od9e 1A (intersection)
ety AHSUA 3 = col HIRTHR-B

o o U
fe (0 fo g ox 4

—¢). =2 col AEEA HE == o7t 7R E HolHEG,
6, < TzadA ¢ojef WY Ao Joo 3t
(contain) ¥ =4 #AME & Axts 3 He=d], o] |

2 &9
¥e R-EZE AR AF HaadA BE do
o]

o I

gy O] A
O O L&

(B) Leaf node MBRs

base

<disjoint>

20

(C) Inter-MBR relations

(D) Intra-MBR relations

Fig. 7. Computing Topological Relations with Leaf Node MBRs

Fig. 7TA® $9°o2 ®7|d volols 2okl 37 4
OBl SR REH T3 R-EF »== MBREH, o|59 7
=74 FZ(hierarchy of node MBRs)E et} WA, %
2= Fig. 7TAZ5H 4719 H3¥ == MBRE(leaf node
MBRs)S ®&lith(Fig. 7B). o]2A dod H39 ==
MBRE2 94 &4 49 712l 3= do]E(base)?
MBR¥2] ¢ <lo] i 2l(intersects)¥ = MBR¥} 1834 92
(disjoint) MBRZ #HtH(Fig. 7C). A=, 7|& dlolE 9
MBR¥} #3}$] == MBRES A #AE FETFOZH,
7% delE e 9ol A= MBR Ul dHolE &3

ES)
¢



MRSPAKE : Hadoop MapReduceE 0l&2t & #29| St XA F=&7| 575

A4 A= HAZ Fig. 7D o] 9ojA A (disjoint) MBR(the root node MBR)& Z2] 3| th(Fig. 8B). o]

AAA AdtHoverlaps)et o] ©lolEl kel DE-9IM Ak Aozl HAY == MBR oA 53k #A 4] 7)o
FAL Aokt A #AS FET = A a¥A HE dolEE AAsta 71 diolE MBRe FAHo=H

%2 MBR W9 HolHEL2 DE-9IM ux} & AALS A E] 87FA 7]% Wk (cardinal directions)?] % 95 (north(N),
el A2 "gojx Jrhkdisjoint) = A HAZ A #d northEast(NE), east(E), SouthEast(SE) south(S), SouthWest
A = vy WA Fig 79 WS 712 dHolg ¢ MBR (SW), west(W), northWest(NW))S T3l WIth(Fig. 8C).

7ol goo] wAaHE HsHg == MBR W9 &9 o] =, 718 weke] 99ds ?%LEEW, Wzt NER ]1}
HET DE-9IM izt dBS Atste] 94 dAE ddst & g9 ¢lo] Fig. 8D9 ¥ (S, south)# 2e W7}
A HER A vES 438 AaAZL F otk of oz W Ae Fdste WY AAE s
ObAl Am el 914 A A W vlEl, e A T AUtk webA Fig. 89 Wi 449 oy s Bak
A= R-Eg Mol HA4Y == MBRGoot node MBR) S AA Akl dialed 7 d9EE R-EF 7)uke] W
I A48 == MBR WA FAEE wezte] o9 Ae)E Fysle] dAHow W AAZS Aday] Wit
(direction area)& o|-&ate] W #A 4 v]&S A9 A H&S AEs g Atk 1 Fig 8DY o
At wakzke] o A(direction area)S o] &3 w3k Z o A(S, south)¥} o] A (boundary) ol 5417 o]
A A e Fig 8% 72 =g 7 g, o] Agole AAE WIS At
ofgt e Wk AAE & 4 Utk AW o)A A=
u]$- =8| A4k Azbell & 9GS FA Fith
A8 AFoAE R-Eg ARIS o]&3dte] thAzk F3b
& . A 3 ZYJoA wtEAow ¢ EE thge 3t o
o o & C gel Aol dd $He Foln R-EY 4L Edz 3
(A) Centroids of primitive MBRs (B) The root node MBR e "ole e AHgE o]gste aAel A B B
base base F A A ORS AASAT AR o F A
W N e . W T Ersta Ay Ajede 9d AFE A 3t
R N Wl W gudFel £YHE Ao AFaA] Wi
e 9 FRE 7EHH0 dE A4 2 dolHES guo
. T AL FEE] AT G0l AgEH Aok
(C) Cardinal directions (D) Query range for
deciding <south> relations
Fig. 8. Computing Directional Relations with the Top-Level 4. MapReduce 712 T8 It X4 F&
MBR and Range Query
B EEAE 4 R AN I AN FE57] 4
Fig. 8AE 902 E7H thololZs woke]l F7+ Hlo] 8] MapReduce 7|¥te] A 3t 2 duzEs A
HEEH P 27] MBREY ol&9 TA% 4—‘é—(centroids 3 olE EfE § RS I3 AA FERIAAL B =E
of primitive MBRs)& WEbdth WA, $-2l= 759 R- o A A|¢rsl= MapReduce 714ke] &7k A4 F& Ade
7] WologRE RE FI) PolEE et HAY w= A& Fig. 99 2th

1. Index 2. Data 3. Index MapReduce
Building Selection Building

Spat|a| Indexed Selected Indexed
Data Data Data Data HDFS

_—
MapReduce
4. lterative File based
Selection

5-1. Topological Extraction
5-2. Directional Extraction

Fig. 9. Overall Process Flow for Qualitative Spatial Knowledge Extraction

Spatial
Knowledge

Base




576 ZJEMeIS=2A/AZERI0 & HIOIH 33 M5z M11=(2016. 1)

)t

A WAZ, e AA F3E dolEd R-Eg A =
2l S FaEtH(]. index building). ©] &Y< Za F2H9)
2 HDFS Ao &4 gl ¥3F HolgEe] HDFS &%
=L7](HDFS block size)H& #H3s}9] == MBR @9z 21
£ Aof o] wud ARejEnh WA T3 vol"Hel & ¥
759 R-Ef ARIE oF whgy= A4 doly 44 %
45 A8 AE FAHT F Eﬂ AR, 59 R-Ef A&
&sto] A4 F= A9 A volHEY W 44 A4

32, data selection). ©] 22 WY A9 k-F*

o]-%-(k-nearest neighbor)¥ 7o F7F A& o] g3ht},
Al MAR, e dolHEs didoes 3

o

o

m mlo £

%ol R-E2] 49
T3 AL #3833, index building). ¥ =F-olx Aok
e 37 A4 FE P R-Eg AS vt A7
HjE dlo]Ele] A9dE ol &sto] 1 A W AAE
B3] o] o Fde Aotk 3 WAl FAdlA
TE% R-E¥] ARIAE 2y g W A4S BF FET o
FollE= AEA o7 S fAEHA @Erh U ’AE A2
& FEF3] Ao, AAE ol F e 71Fo] FHE dl
olH 2 M A3TH4. base selection). 7|5 Ho|EHE & AA
g dlejeEe] SMUE g M HAAEI 7|5 dolE st A

44 o vtk Ywz] e do]E ko] A FE Ao
), 712 dlolg A4 22 MapReduce 21 (job)o] oF
Yt wpxete 2 7)F HolE7t A HE YA BE fo]
Eloto] A #A = A¢(5.1 topological extraction)¥} "
g A F% #A(5.2 directional extraction)S F33tch Z+
Zkol AQlel uigk Al W& F4 Ao At

~
T

2 P
ro [‘-113 Im
AL}

1=

ro

0z

0x

tlo

=2
>
é
Olv r _&
ol
_,_,
fr
)
ofo
o
o
Fi
>
>

2 3
2A, dlolg 44 24
THE EHE‘ZJ diolel # < ul-&3 A o
A7kekdth A% MapReduce: W
2O A v, WFEAQA R-
CAAH R WHAES AYste AAY
Hgleo] glrh w3, HDFS Ao o
olg] DU B (splitting)=lo] o]
=

O

°o]&

o >
4
i)

L
[
[T & oo
Mo [k = = o my

PN ot

o e fff

ST

H e e & o2 o
o
o

o &

d
m‘nmo_,
1i__Q‘

ro (i
1=
e

=

X
tfy ﬂ
=, o °
)

o rlo rlo i

=

3!

ich
olo o
ol
1o

o o
X
o

offt
>
2
m

rd

_O‘L
2
o

i)
_)&
Ach
@ 2

;:o

513} Fig. 102 HDFS°1]’\1
Aelel Fz25 epdch

Z+ Fig. 109 A9 A2l(global index)
l(ocal indexes)® #Zo] F ZF(layer) o2 T4 %]
Zk7ke] £lo] B EEd= R-Eg] M99 5l
© MBR @912 15 Aozl 3 dlo|gEo] AY A<l
A (part-xxxxx.rtree)o] AFEHo] il o]5¢] HE AH=
2~H =EoA o] Y Mgl (_master.rtree) = A

oMo ox o (o KU oo o (W
iy

|
(m
o ooff
1z

o

(e}
—U ACH
r

5

4 ¥
e

Slave Nodes
Master Node
part-00000.rtree _part-00001.rtree
Global
Index Local
|_master.rtree Indexes
part-00001.rtree _part-00002.rtree
part-00000.rtree part-D0002.rtree
ID: 1D: ID:
0 1 2
Boundary: Boundary: Boundary:
POLYGON (126.973 37.5542, | | POLYGON (127.074 37.6090, | | POLYGON (126.764 37.4285,
) =) )
File Name: File Name: File Name:
part-00000.rtree part-00001.rtree part-00002.rtree
Record Count: Record Count: Record Count:
12000 12000 12000
Size: Size: Size:
337362000 346243000 328546000

Fig. 10. R

=Tt d Aol

-tree Index Structure in HDFS

z-]xlﬂ U-]]F,} X%i_‘g ;(]od Aﬂo_q Ah:ﬂ

ZHID), 74 Al(boundary), A9 A<l o] o]&(file name),

o] 9] F(record count), Y =L7|(
3, 74 gdlolR =g AHE T3 dolHEL R

Jlm

#F(load balancing)<

H

Slze)“Pﬁ 61—1101—5]01 x{ 2]—91:].

HDFS &% =7]

size)ES EFHSTL

$13l HDFS &% =L7](HDFS block
R-Eg 9 FH3}9 MBRE
L “P‘:OJXD} Fig. 10¢] R-E4¥]

S FE37] A% Ag HAL Fig 113 2
A 75 A9 A8E AA E(partitioning), A A
21 3 (local indexing), A< A<l +Z(global indexing)®]

seAZ FAd UA, B2 G = 9 HolHE n

7<) }+E] A (number

n=

rlr

aL
[e]

i
rlo

S(1+a)
B

of partition) &2 E3H3itl nS A3}

olt}y, o] e B HDFS &5

A7](HDFS block size)ol SE 4 HolHe 37|, «

WigAE A3l 4 w=o HAlHo AFEE 49 dolH
& 183 %2383 v &(overhead ratio)o|th a9 e 7]
W(default) &= 027 HATTE nol AAHW zHzte] 3t
Aol A S(partition boundaries)S Aafjorzict dE A9

AAES Aste dHe

= =2

STR(Sort—Tile—Recursive &g

(23] o] &3ttl AW STR ¢agFe v Za2AA
A Fastr] wiel g RE 9E H]O]H% W 1Lg]
o AFAZ 4 gtk webA oY dolHe AES T4
2 A A (random sampling)dtil ©]E o]8&3}e] STR ¢alg

=& FYdn. 98
gL 3te] MapReduce ZHo =z zdsict = dolHe
7_]—7

2t £ & o] Map

dolee] 4B FAAE Agse

@rol ggom Addn vk 9

=

tlolE e moko] o] oWl MBRY FAM o HIuo]

Map ﬂ—’Foﬂ A== Map k4ol A

o 82 ZAY=
100 MB7} Yo
MB ol&}7t & w7}
/\‘134%0] /H?HQ

(parameter) d(R-tree degree)® 443}



MRSPAKE : Hadoop MapReduceE 0182t & 729l St XA =&J| 577

1. Partitioning > | 2. Local Indexing >
() Number Of Partition (@ Random Sampling Reduce Output
St a) Input Map Output <MBR,list{GEOMETRY)> <MBR,list(GEOMETRY)>
= 5 <null, GEOMETRY> <null, GEOMETRY> <null, GEOMETRY> j
n=number of partition : S S N peeey sosve HE e i
=input size [Rpenp————
B = HDFS block size local index files

a = overhead ratio
(default 0.2)

grouped data

ratio 1%, maximum size 100MB
for in memory partitioning

center point of Shape’s MBR

(3 Partitions Boundaries

by Sort-Tile-Recursive(STR)
Input

-

parameter d set toy/n  HDFS block fit
(Default 64MB)
for load balancing

@ Physical Partitioning [

Map
<null, GEOMETRY> <MBR,GEOMETRY>

T grouping

3. Global Indexing >

_master.riree

global index file

local index files

Fig. 11. Process for Building R-tree Index

STR ¢n#FS F34drh STR LueF AL A
& (MBR, minimal bounding rectangle)©.= 3}E]X 2] 77
S Asty] wiiol Z7te] el RYgE MBRo| i ¢

ZFdoltt, WA, A4H g
7} %055101 7}7vol Map 4= AeHth Map &5
Jo]E17} A= SEJA(=3319] == MBR)M &
A T_;O}i’ FE AR old &3stE dHolHE 7]-gk
(key-value pair) &2 WH5o] Reduce <o Aedict # <
ARl & dANAE o5 HYRto}l Reduce T+E F3
3t} Reduce <ol A MapReduced M= (shuffling)
AX Ao sEAE 7%, oo &3E HolHES ¥~
E(listh= Hdgol ste]d E2 she] A9 A9l
(part-xxxxx.rtree)s A2 et A9 A 3Y
gtE] Aol &g do]HE o] MBRY 74 A
7hTh mpRRto R W AlQl il
HE A9 ARIEY HE ARE ®i e MG
(_master.rtree)S ¥H&0] nlAE R:=
Fig. 12+= Fig. 11] 729 A4Z 44 2l
ERdith. WA, dgix AF dolHE
= EE ¥ dolH(geom_1~6)
(datasplitting) ¥/ t}. Map <=l A
HEo oisf Abdel] g 1] (ratio)
£S5 FA9 2 AA(random Selectlon)ﬁ} x4

rir

S O R R O

O:

{0

e}

]_

{0

)

5=
i/

fO o rlo

i
e
x ¢
o 2
> 2 = oap

e
2

oyl 1]

o [ <Y
fincs
ML J

fn KU

o fUm s
2_“

é
o
Lo % pe &

HHEJ
e
i
2
o 2 g0 o o

_VYL

(geom_1, geom_4, geom_6)2 ZA3E = (data Wntmg)f&
t} wkek Aszte] =7]7F 100 MBRUY AW A3E gA] ¢
Ho= &lo] 100 MB olt7t & wj7hx] 2d-& wkEg),

Parameter : ratio(1%), maximum limit(100MB)
Input Map Output

<null,GEOMETRY>  <null, GEOMETRY>  <null, GEOMETRY>

<geom_1> <geom_1> <geom_1>
<geom_2> <geom_2>
<geom_3> <geom_3> I:>
<geom_4> <geom_4> <geom_4>
<geom_5> <geom_5>
<geom_6> <geom_6> <geom_6>
J random J
data splitting sampling
(ref. ratio)
data writing

Fig. 12. Random Sampling in MapReduce

Fig. 13& Fig. 119 &84 el £33 Ao Al
%9] 3 o vepdity WA, %7 MBR(>nitial MBR)#} 2+
MBRZ 1% A7) 98 ZE 27+ o8 S(geom_1~6)°]
g A7) Map =2 949 HolHE T %9(data
splitting) 3tth. Map Shroll e 18 dlo]E7F o] MBR
o] oo &3E=A AAEE & Y MBR¥ A 1E5S
%) o](data grouping) Reduce ¥+<Foll dE3ic) whek dolg
7} o MBRel%= &8hA] ¢ko® 71 A7t 7h7k& MBR

o

Parameter : initial MBRs
Input Map Reduce QOutput

<null, GEOMETRY> <null, GEOMETRY> <MBR list(GEOMETRY)> <MBRlist(GEOMETRY)>

<geom_1> <geom_1>
<geom_2> <geom_2> <mbr_1, list_1(geom)> <mbr_1, list_1(geom)>
<geom_3> <geom_3>
<geom_4> <geom_4>
<geom_5> <geom_5> <mbr_2, list_2(geom)> <mbr_2, list_2(geom)>
<geom_6> <geom_6>

data splitting J data grouping J MBR & data J
(ref. MBRs) writing
MBR & data
shuffling

Fig. 13. Physical Partitioning and Local Indexing in MapReduce



578 ZEMEIG=2A/AZERI0 & HIOIH 33 M5z M11=(2016. 1)

of &3shE o & kst Reduce 5+ w93 FElA
S 712 39 FHES YRER FAFE MEYMBR &
data shuffling)& AX Agw IE]A(mbr_1, mbr_2)3
g gEldel &8 delHEY BAElst ], list )8 E

2 sEde g9 (boundary)s FAS L st wEIA
G g wole & A shihel ozl FEe] A9 A9l I
dz %2 (MBR & data writing) 3t}

42 =t ®Heol MY
ZE 37 diojE Bl Y3 R-Eg] Adle] FEHW o|=
ol g3t A4S & AYEL A% A dHolHE AAse
ZQ)e zlgst], doly AA Fde e Ao k-HTH ol
3} 2o I3 AoE o] &3] =y} R-Eg] Al |
XS o] g8l FZF Ao oA dlolE HE H]E A
2 HES A3 AT Wil dHeoly AA Al
T o] Hrh B =R HY Z9E EfR doly A
A AYE Fdste Aow 7HAEe] AW et MapReduce
719re] dolg AA 2 A JAHL Fig. 149 2ok
mbr_1 mbr_2 mbr_1 mb,
mbr_ mbr_a mbr_ mb,

(A) Input (B) MBR pruning
mbr_1 .. mbr_1
mbr_3 mbr_3

(C) MBR distribution (D) Data reading

.. mbr_1 Range

Range mbr_3

(E) Range query

Fig. 14. Process for Data Selection

doly A4 292 R-Eg 4919 Hak¢l MBRE(o]st
MBR)Z F& #49 diide] HE 3 dolHEo] thA
239 WY (range)E A (npu)t=rt 53], MBRES
Map <=2 Euj(MBR distribution)3}”] #ol] &3
ol o HE&S Fol7] fa 949 W et MBRY
9ol wAH(intersection) =R HARGE & waE R ¥
MBRe] Map @42 RujEA GEE Apzle] 7HA 7]
(MBR pruning)E 3t} o]% 71x]2)7] %] ¥+ MBRE©]
Map 2 EwiEa 242he] Map $5ellA 2 MBRell 4
3 T HolHES ¢l thdata reading). WHA IO ® ¢
of B9 ¥t dolgEe] AAR W HaeA HA
(range query)i S WHSle] &3l A= E9sh Fig
= flol A doly A4 AYg A #AAHY & 5
EOJE}.

Parameter : range
Input Map Output

<LEAF MBR,LOCAL INDEX> <MBR,list{GEOMETRY)> <null, GEOMETRY>

<geom_1>

<mbr_1, local address_1> <mbr_1, list(geom)>

<geom_3>

<mbr_2, local address_2>

MBR pruning

intersection query J

(ref. range) (ref. range)
MBR distribution data writing
(ref. MBR)

data reading
(ref. local address)

Fig. 15. Data Selection in MapReduce

WA, diojg] A4 F4S 1837 falx R-Ey A<
o] MBRE (mbr_1, mbr_2)3} olol] &3k &3t wojgEo] A
FH A9 Mele] F4(local address_1, local address_2), —L
22 Hel(range)E ¢¥E W=l mbr 13 mbr 28 Z42H9]
Map = Adst7] Aol ¥ (range)¢t ¥ Aol watE e

A AR gl wAHE mbrl Map = #wlst
I 28A GS mbr 28 JHAXE st Map TR 2
MEHA et &, Wsls wRle] gl delHES Akl

= do] ¢
olgtsto] =d g dHeolH Hd AE Atk Map

e AdEd mbrld 3 HolHES BT ¢olot g
E(list) Y2 WEIL 2 LE &3 to]EEo] AARE
el &ateA 7&*}3}51 I % HY &3 geom 13
geom_ 25 ZATZ ZHH 3t}

=5 fslA, dold 44
[e]

3¢l == MBR 9912 HolHES 1§
ZHE—HH?'&D} A BAE %—iﬁm ﬁoH *W% o] el
& HelHE

MW. B0 dolEE agae o ﬂa}% 9
g W #2499 A9 $9L Fig 163 2ok,

A A FF AL R-E] A9l Hshe] == MBR
E(0]3F MBR)Z} o]of &3 F1F tlo|E]E9] 4, 183 ¢
4 BA B4 71E(base)ol H= dHolH 78S = (input)
W=t 5§39, BEas 9 A 24 HES Fo7] fl3A
MBRES Map $5Eel &ulst7] dell 2+ MBRE©] 7|&
telH o] MBR#% @90l wAatsh==] Akstal MBRol ‘ux
(intersection)’ =& ‘H]-.*}(non-intersection) 2H& @l o] &S

#2ITHMBR labeling). ©1% #¢]Eo] #2 MBRES 77
Map =2 Ful(MBR distribution)3tal Map $H=oll A+ 7
MBRell &3¢ 3F dloJel5S ¢jo] Thdata reading). 71&
dolEl 9k ¢lo] 521 dlolEl ko] 4 BAE WEsE] A
12l MBRel| €9 ¥& dol&& Hil Holy 11 DE-9IM
2493 (DE-9IM modeling)< slofqt 94 #AE st 4

-

— =



base

Intersection

mbr_1 mbr_2
mbr_3 mbr_4
/-
(A) Input
. “mbr_1 mbr_2
c. R Nan
Intersectlan
mbr_3 mbr_4
P Intersection

(D) Data reading

MRSPAKE : Hadoop MapReduceE 0l&2t & #29| St XA F=&7| 579

Non-
Intersection

[ioeay

base

Nun
Intersectlnn

|~

mbr_1 mbr_2
Intersection Intersection
Intersection
mbr_3 mbr_4
Non- mbr_3 mbr_4
| Intersectiunl o . Nen-
Intersection
(B) MBR labeling (C) MBR distribution
mhr 1 mbr 2 mhr 1 ruhr 2
Intersectlnn Intersectlnn Intersection
mbr_3 mbr_4 mbr_3 mbr_4

P 3 Nnn O
- Intersection

<o
Intersection

base

(E) MBR classification (F) DE-9IM modeling

Fig. 16. Process for Topological Knowledge Extraction

+ MBR# DE-9IM Rd#< *ga%m %’4“ A=

it ol
r\l

2

}"I m{N‘m
SRS
_‘>i

t}. Fig. 1

A, 9%

<l

e

fiy

o

in}

Fol| = DE 9IM ndels
A tH(disjoint) = 4 A

| o] €] (base geometry)E

72 S A FE

O

o
QL
Ey
=
TS
~

N
1] MBRE(mbr_1, mbr_2)3} old &3k 53k vlofE
$A8 2 (local address_1, local address_2), ZLg]iL
A W=t} mbr 13 mbr 25

T+ A9® mbr_13} mbr 2¢] £3 HolEES 2T 9o
o PY2E(ist) FEl2 V51 DE-9IIM 223 sfofF sk
mbr_13} o= AFeta 94 BAE B F e mbr 2
2 EFMMBR classification)dttl. MBRE°] EFHW
mbr_lo] & HolHEL 7| dolH9e] DE-9IM =g
< BEUE 4 IAE IEs L mbr 29 JdE HolHES
DE-9IIM =S Agsta 7| dolget "old gt

(disjoint)'2h= $14 ¥A2 Al 94 @A77 AeEd
94 BA AAS FA(knowledge synthesizing)ste] 23}
2 %% (knowledge writing)3t}.

Z7ke] Map $5= A9s7] dol, 71% dolEle] MBR# 49 dolHE Fol4 & W4 /1% dol8s Agsa 7|
Qojol AL EA At Gl LAEE mbr 1ol % deleE A9% wokch el BE dojeiste] e B
A, %A ke mbr2ol W-wA Aol BolmMBR A F% AU sadt @ W AF dolHE 44RL u)
labeling) Map <=2 wl(MBR distribution)&-t}. Map ¥ Zasls wek BA 23 Z9o] A7 FAHL Fe. 189 2t}
Parameter : base geometry, label
Input Map Output
<MBR,LOCAL INDEX> <MBR,list(GEOMETRY)> <null, TRIPLE>

<mbr_1, local address_1>

<mbr_2, local address_2>

<mbr_1, list_1(geom)>

<mbr_2, list_2(geom)>

<haseGeom <disjoint> geom_1>
<baseGeom <disjoint> geom_2>
<baseGeom <disjoint> geom_3>
<baseGeom <disjoint> geom_4>

<baseGeom overlaps geom_5>

<baseGeom <touches> geom_6>
<baseGeom <contains> geom_7>
<baseGeom <disjoint> geom_8>

MBR labeling
(ref. base geometry)
MBR distribution
(ref. MBR
data reading

(ref. local address)

A

MBR classification
(ref. label)

DE-9IM modeling
(ref. DE-9IM, base geometry)

knowledge synthesizing

writing

Fig. 17. Topological Knowledge Extraction in MapReduce
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(A) Input (B) Direction area modeling X3k F2(local address_1, local address_2), 12l 7]
e e — — dlolE (base geometry)E ¢ W=th mbr 13 mbr 25
- 424l Map 3= Adstr] Ao, 71+ dolHe MBR&
Tekal 1 FAAS EdE A9 == MBR WA @4
mbr3 mbr- ol I e Wt 9585 2P (direction area modeling)
3t mbr 13 mbr 22 ZZt Map &4l E#(MBR
(C) MBR distribution (D) Data reading distribution)$tth. Map &4+ A2E mbr_ 13 mbr 20 &
%, mbr 1 mbr_2 3 dolHES 25 o9t glaE(ist 1, list 2) Jej= 1t
mbr_3 w | e So fsE e dolHEe «Rdon Fun osel
@ Sl - : MBR# 1 FAxox RAY(MBR & centroid modeling)
- Ha Sl 7k Wat Jdogow W9 AoE s
(E) MBR & centroid modeling SW(';)Rangeq'uerV ol o= el SsheAlel weh 3 WAS wdst W
, o , A EEE B B4 AASE 34 knowledge
Fig. 18. Process for Directional Knowledge Extraction synthesizing) 3k 232 % (knowledge writing) 3},
Wk A % A9 R-EF A9 9 == MBR
E(ol3t MBR)# W3k #A] FE9 7|F(base)o] ¥= vlo] 5. 7@ o AY
H 715 Y€ npu)teth 539, w4 A4 Altste
AR A vgo] A == U9 Ho|S o] &5l7] YA womwol A Ak §) e A g FE Ao
71 dolH9 MBRE Tatil 1 TAAE EdE A4 glst7] #stel Hadoop MapReduce 7]%ke] &3k A4 3
== MBR WolA #AsEE waze odogss muy =712 Tdsith ¥ A4 FE71= Ubuntu 14043
(direction area modeling)$tt}. o] #olEo] &2 MBRE LTS, Java 1.7, Hadoop 250 7oA F&3uct F8x
S 747 Map &2 29 (MBR distribution)3}3. Map $H4+ B 1] vhaE =9t 9] SYolB w=Er A
A= zF MBRY %3 &7 folHES <ol Lul(data Rem, 7t == 35GHz, 4 Core CPU9 8GB Wl H&
reading). W&zt JHo 2 W g Fdstr] Mol ¢ 2], 1TB 3t= tj2=a=z G431t Hadoop MapReduce £+

% deolHES MBR# I TS ZEH(MBR &
centroid modeling)3+c}. A=, Ho]E]2] MBRY FAHE]
87kA] Wakzte] 949 F o ol &l wpeh e &
A5 wdet), ek S o] Wzt oo HAA el
EAlsto] 8714 Wzte] g F ol Fok &3 A &

AelSs Pl R-Eg 7|uke] W Zo
F33}7] 918 SpatialHadoop 2Ho] B8] 2][24]E o]
DE-9IM =4 AHS 9438 JTS(Java Topology Suit) o]
Befe)[25], AE F o] ~(web interface) THE I3l
OpenLayer 2to]H.2{2|[26]& ©]8-3F3iTt.

AoA R-Ez

=5 i

)
E|

Parameter : base geometry, direction area(N, NE, E, SE, S, SW, W, NW)

Input

<MBR,LOCAL INDEX>

<mbr_1, local address_1>

<mbr_2, local address_2>

Map

<MBRlist{GEOMETRY)>

<mbr_1, list_1(geom)>

<mbr_2, list_2(geom)>

Output

<null, TRIPLE>

[]- <baseGeom north geom 1>
<baseGeom north geom_2>
<baseGeom northWest geom_ 3>
<baseGeom northWest geom_4>

<baseGeom east geom_5>
<baseGeom <northEast> geom_6>
<baseGeom east geom_7>
<baseGeom <northEast> geom_8>

direction area modeling J
(ref. base geometry)
MBR distribution
(ref. MBR)
data reading
(ref. local address)

MBR & Centroid modeling J

(ref. geometry)
range query
(ref. direction area,
centroid of geom'’s
MBR)
knowledge
synthesizing

knowledge writing

Fig. 19. Directional Knowledge Extraction in MapReduce
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Fig. 22. Experimental Results with the Open Street
Map (OSM) Roads Dataset
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Some of Topological Knowledge :

<Han Gang>
<Han Gang>
<Han Gang>
<Han Gang>
<Han Gang>

<Crosses>
<crosses>
<crosses>
<crosses>
<Crosses>

<Goyang>
<seoul>
<Guri>
<Hanam>
<Namyangju>

<Seoul> <touches> <Goyang>
<Seoul> <touches> <Guri>
<Seoul> <touches> <Hanam>
<Seoul> <disjoint> <Namyangjus>
<Seoul> <crosses> <Han Gang>

Some of Directional Knowledge :
<Han Gang> <west> <Goyang>
<Han Gang> <northEast> <seoul>
<Han Gang> <east> <Guri>

<Han Gang> <northEast> <Hanam>
<Han Gang> <east> <Namyangju>
<Seoul> <southWest> <Goyang>
<Seoul> <east> <Guri>

<Seoul> <east> <Hanam>

<Seoul> <east> <Namyangju>
<Seoul> <southWest> <Han Gang>

(A) river and major cities

Fig. 23. Sample Spatial Knowledge Produced by MRSPAKE and the Corresponding Real Map

Some of Topological Knowledge : Some of Directional Knowledge :

<Seoul> <contains> <Gangbuk-gu> <Seoul> <southEast> <Gangbuk-gu>
<Seoul> <contains> <Nowon-gu> <Seoul> <southEast> <Nowon-gu>
<Seoul> <contains> <Yongsan-gu> <Seoul> <north> <Yongsan-gu>

<Seoul> <contains> <Dongjak-gu> <Seoul> <north> <Dongjak-gu>

<Seoul> <contains> <Seocho-gu> <Seoul> <northEast> <Seocho-gu>
<Seoul> <contains> <Gangnam-gu> <Seoul> <northEast> <Gangnam-gu>
<Yongsan-gu> <within> <Seoul> <Yongsan-gu> <south> <Seoul>
<Yongsan-gu> <touches> <Dongjack-gu> <Yongsan-gu> <northWest> <Dongjack-gu>
<Yongsan-gu> <touches> <Seocho-gu> <Yongsan-gu> <northEast> <Seocho-gu>
<Yongsan-gu> <touches> <Gangnam-gu> <Yongsan-gu> <northEast> <Gangnam-gu>
<Yongsan-gu> <disjoint> <Gangbuk-gu> <Yongsan-gu> <north> <Gangbuk-gu>
<Yongsan-gu> <disjoint> <Nowon-gu> <Yongsan-gu> <southEast> <Nowon-gu>

(B) city and it’s subdistricts
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