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

247k g gates 94 wA AEAES Yehdd. § 7 4
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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>
kiR TkskTkskskskok
;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;’::****T*) )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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identical) & 3tE st il FHY WL F 2ol QITHB is south of A)& WaF #AR HEE 5 Qivh
A4 2] MBR(Minimal Bounding Rectangle)s &tal ol& A - ZF oAl MBRY 2 FHAEE o]&std
o] FAIA 7he] WEts o] &st= Alolth Fig. 49 A B} Zo] Bt AA B 33k AAE

dME A BFES 78 5 dvke GHel stk 84
p,—p, o oo W 1 EYS MBRY FAHASE ALY o
ANGLE(p,p') = arctan(m)*180/7r ) B AsAo] T WolAths gale] ot}

T MBRY ZA#o] FolAL uwl, & Aolo] FAHE= 33 CiARt HY S22 e
WEzte ALtele 34 Equatlon @)% 2o e 2 R A ARbeE B3 A FE IS T ¥
T A Abele] 71&71¢] o-whAl E(arctan) #tS ©]8-35te] Al o HolE7 FolhE W olF 7t Jbed EE 3 A
Akt £ gdddof gl olelg tAke] I3k #AAE

7] fEiAE A8 EE 33 HolHE FolA 7Is HolHE
0° wH A o w sk dAstal 7l dlolBl AAE wwith
A wUHA 2E 7 dlolH s 4 A WY #AAE

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

2 Fg57] wZ] F3F vlolE nofd s F 2nwe

A Fgo] eHn. Wi dor 3 BAE A=

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 WEkbe 180°% AAET. ¥ MBRO % 3688834<2297418 ‘ 2297418 <2297418 ‘ 2189621<2297418
Yol o) WPzl A, Fig 49 DA

A=}
o A kel W uA Mexs ddsd ¢ stk

= Output knowledge:
Table 2= F MBR| F4lAlo] 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 AeAsEs vEdth 7 33 A9 7 3638834 <disjoint> 2189621 2297418 <disjoint> 2189621 2189621 equals 2189621
=] = =) - g o “ —= <iteration1> <iteration2> <iteration3>
shers dlele=rH 2 ¥t AAS Feiss MBRe) ¥ 3688834 identicalTo 3688834 2207418 <south> 3688834 2189621 <south> 3688834
AHES F3la o]s 7reo] HWHEkZtS AAtEH, 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

g Goometry | Directonal

Types b Fig. 5% 370¢] &3k vl o] (368883466, 2297418, 218962181)
[0°~ 225°), [337.5°~ 360°) All north of dair 7hed Ee 91 dAek W #AE wdshs
[225°~ 675°) All north-east HGE ekl WA, 9 #AE #dE] fade A
[675°~ 112.5°) All cast A EHolEE FA 1718 7]E(base) o2 A A s L 1Jru1x]
[112.5°~ 157.5°) All <south>-east nE ]O]Ei(target)%/] A BAE BN AL =
[I57.5° 20259 Al “south> W owkaop frh 14 W) 24 o] wug rmum
e~ A e ESE NAR HOSE Siten § el A4 W
[2925°~ 3375°) All north-west R o Bl R
P = P (no angle) All identical %, &3 dolEl7t nAERE n 7H9] S BAZE A
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VANNIN S VANIEN =
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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] ulEd BE ¥ A A
Hgol dmEW 2?9 T BAVE WA Fig 59
2o tazke] A4 B WAE WEsE HPe, Aol
wEAow g goi tiel doje el F2ar] 9
@ o> Be A e 9 wAs B wAE B
Aat7] 919 2n?wle] Be B4 ngo] a7Hd Hg o
TN E herel dloleel tg A P 94
#Aek g WAE mgdor BAE 93 23 dolE
g ggor R-E¥ Adg TEHEn ol By 4%
tlo]e o] AL o]gate] F1t dlolE e H v F
1 BA A HES Folizt stgith Fig. 62 R-E A
A7} o] 5 7Rk 2 Fefat= HE Ao o & e

[e)

b
=

(spatial index) F 7} Wo] 2ol= R-Eg A
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Fig. 17. Topological Knowledge Extraction in MapReduce
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mbr_1 mbr_2 ':,_ mbr_1 ‘,-" mbr_2
nwx N NE
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(A) Input (B) Direction area modeling
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mbr_3 mbr_4 mhr__3 mbr_4

(C) MBR distribution (D) Data reading
%, mbr_1 mbr_2
m b r 3 Nw N NE
g oA
]
swé

(E) MBR & centroid modeling (F) Range query

Fig. 18. Process for Directional Knowledge Extraction
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Map

<MBRlist{GEOMETRY)>

<mbr_1, list_1(geom)>

<mbr_2, list_2(geom)>

Output

<null, TRIPLE>

[]- <baseGeom north geom 1>
<baseGeom north geom_2>
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<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
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data reading
(ref. local address)

MBR & Centroid modeling J
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range query
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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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