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Abstract

In this paper, we implement a spatial big data analysis prototype based on Spark which is an in-memory system and
compares the performance by the spatial split algorithm on this basis. In cluster computing environments, big data
is divided into blocks of a certain size order to balance the computing load of big data. Existing research showed
that in the case of the Hadoop based spatial big data system, the split method by spatial is more effective than the
general sequential split method. Hadoop based spatial data system stores raw data as it is in spatial-divided blocks.
However, in the proposed Spark-based spatial analysis system, there is a difference that spatial data is converted into
a memory data structure and stored in a spatial block for search efficiency. Therefore, in this paper, we propose an
in-memory spatial big data prototype and a spatial split block storage method. Also, we compare the performance
of existing spatial split algorithms in the proposed prototype. We presented an appropriate spatial split strategy with
the Spark based big data system. In the experiment, we compared the query execution time of the spatial split
algorithm, and confirmed that the BSP algorithm shows the best performance.
Keywords : Cluster Computing Environment, Spatial Big Data, Spark, Spatial Split Algorithm
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(Maden, 2012; Evans et al., 2014; Ahn et al., 2016;
Kim and Jang, 2016).
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Algorhtm 1 : createSSplitRDD(sRDD, splitAlgo, o [9)
Input : Spatial data RDD, sRDD
Spatial split Algorithm, splitAlgo
Sampling ratio, o
Size of a block, B
Output : RDDs partitioned by split algorithm

rs <« sampling( SRDD, 0 );

avg —sumSizes(rs) /|rs|;

numBlocks <~ (avg*|sRDD|) / B;

splitGrid < splitMap( splitAlgo, ss, numBlocks);
spatialSplitRDD — splitGeo( sRDD, splitGrid );
return spatialSplitRDD;
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Algorithm 2 : BSP(S, «, L()
input : 4 set of spatial object, S
Object per partition, o
Level payload, L
output : List of partition

1 maxMBR <« calculateMaxMBR(S)

2 partitions < create a new list

3 if S.count <=a or L = 0 then

4 partitions.add(maxMBR)

5  else5S

6  if maxMBR.width > maxMBR.height then
7 sort(S, x)

8§ else

9 sort(S, y)

10 end if

11 sl, s2 = split S using S.count / 2
12 partitions < BSP(sl, o, L-1)

13 partitions — BSP(s2, «, L-1)

14 end if

15 retum partitions

BSP k28 WA B2k 25e] HaS)Tt vtel
GBI A o), A BEL T FEHLE 9

[e] =2
et} amelEe WA Qe FAle] A 2

oj-gsto] ARITK1). theo=2 e A e
G alith ZA, BAle] Bao] Luth 2o
gelsta, zo] whEghd, @49 Minimun
boundary rectangle(MBR)2 T}eE|AXglo]| 7lsct
(3-4). Z710] WHselA] oR=cil BAIe] MBRE ©f 3
oo Bol AL ejujgick o] 49, xHT} yEE 4
49| 7|&& Aola(2garg & e dols 7EL
= S9th 71E%0] x5 A9 LS 7202 Y
olElE AL, yHo| 7|eY H yEHEE VIR0 E
ABE ko100, A ¥ @A AR Ao} 2
71202 128 o] 11 F Y& tA| BSPR
o AAH O HAECH11-13)

Fig. 2= BSP &18|&g 1go=a %33} dolch

RFEA7E A shbe] Bt Qjele ARe] 45 2



Spark 7]¥lF 37 HEAoA F7F Esto] A

2
® »:)_ L] a ° @
. . . .
. . . .
ol @ @
-
- -
b - el e Ty
. .
IS T o B

Figure 2. Example of BSP Algorithm

A ekl e o, WA dojEE yHo® A 1
Aoz Hakg sk o]F F 7ie] ol disiiA] 2t
ZF oW o s Baks shal, thA] RakE gool oisfAl
3idoR Falsic) tha] ZF BekE ool tisfiAl 4
HAS 7lEoR B3 ot 7 B3H BE
tisiA Ao 27} 24| 20| n g, Bake ‘%H“— l .l
=

3.2 STR °E*_Tl_E|5
STR2 SLC iel24 xo] 4gela, 2 e
=290 z =

518 Fj2sot}. x= Esto] Tupw, 7+ Bshy 27h
Aol Sh= 33 AAE y= 7IREeR HEhshar, 7}

Ag ] y& 7|HEo R HE o] FUS AAE
=2 NS HE‘UPEP g S0l AHA PP &3t

o
)
Rl

33

N,

STR ehielEe 2k 2 4%t 09 Haket whel4d

o] 4 N& 18 W=t} WA F %o| Lirojof 3 )

Ede] 55 73] flstel viv ol g8l nd FRitk(D).
] EH(xF B yH)S 7O R SLC FaEES

g3lo] nAkE B th2). 27 BaE oo
qu ThA] n7f2 BEsZci4-5).

Az Esksls] 9jst @40_ SLC dilel&2 AMg-
At BEE 1 AeE AR 2 B 370
zolal 27k golElz}t E°17}Ei g LSS

2, 3o H(x5 or yH)& 7M. R Haela= Al

Zo] oxjFEo|L),

=

Algorithm 4 : stripPartition(O, n, axis)

input : a set of spatial object, O
Number of partitions, n
axis for split, axis

output : list of partition

sort(O, axis)

maxMBR — caluateMaxMBR(O)

base_axis_value[n] < create a new array

for i=/ to n do

base_axis value[i] — i * O.size / n

end loop

partitions < create a new list

partitions < splitSpace(maxMBR, base_axis_value)

O o NN AW N~

retum partitions

Algorithm 3 : STR(O, N)

input : a set of spatial object, O
Number of partitions, N
output : list of partition
n < N
P — stripPartition(O, n, x)
partitions < create a new list
for i = / to n do
partitions < stripPartition(P[i], n, y)
end loop
retum partitions
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Table 1. Test Result 1 - range query

0.001% | 0.01% | 0.1% 1% 10%
Non-Split| 1773.1 | 1674 | 1662.8 | 1669.1 | 1689.1
STR 878.8 | 865.1 | 880.7 | 921.9 | 9259
BSP 781.3 | 786.1 | 789.1 824 872.2
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e NOM-Split e STR ey BSP

Figure 4. Performance comparison of range query
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Table 2. Test Result 2 — data size

2K 4K 6K 8K
Non-Split |  636.7 883.1 1460.2 1669.1
STR 272.9 500.3 733.2 921.9
BSP 205.4 391.9 535.3 824
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