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Big Spatial Data in HDFS Techniques

Spatial Applications

Brain simulation, Climate changes
Event detection and analysis, GIS application
Volunteer GIS applications

Hadoop Distributed File System (HDFS)

Spatial Partitioning

e

».\:\,{ ST - e S el
e P 2 e ,»?F§
= S| 2 SRR B |2 pres s l; T
3 R ] ¥ IR = § &5 % B
7 3 4 ~ b i

Quad-tree

4 S e

STR/STR+

B DEnsaEp, _SN )
2r 4 el ol IR x
ohve RS NI e L g o
S s Lo b
i s g
i Ptz 4 Fe oy

s 2 3 % 5 § . & Vﬁ

% |a — S’ oS Ao
# S h N - 4 y

i

Satellite Data

/-Curve Hilbert Curve

Experimental Setup Quality Measures
Q1=2Z(P.widthxP.height)

Measures the amount
of dead area

Q4=2(P.size)/2(Block size)

Disk utilization

Datasets
Dataset[Size |Record

Summary of techniques

Technique Partitioning Bound

Grid  [Space  Replication AT Objects 88GB [250M . Q5=5Std Dev(P.count)
Quad-trée Space Replication Q2=2(Partitions overlap) siewness of partitions
STR Data Distribution Roads 53GB TOM Measures the overlap (Load balance)
STR+ Data Replication between partitions

ca ariions - Range Query
K-d tree|Data R.eplllcatpn Cities 1.4GB [170K Q3=2(P.width+P.height)  Throughput, running time
Z-Curve|SFC Distribution Measures the squareness  Spatial Join
Hilbert |SFC Distribution of partitions Running time

Quality Measures Range Query

Block Sze Range query throughput with Block Sze (B)
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Quality Measures Q1 (Dead space) with sample ratio (p)
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Bitonic behavior due to the tradeoff The block size with peak performance
between quality and load balance depends on the query size
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Q1 - All Datasets Q5 (Load balance) with sample ratio (p)
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Partition techniques are
relatively stable across datasets

Q1 (Dead Space) with block size (B) 4 (Utilization) with block size (B)
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Tradeoff between Q1 and Q4
with HDFS block size

... except for Q5 which
iImproves with sample ratio

Indexing Time

Indexing Time
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Sampling is not as scalable
as partitioning
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Single machine is preferable over
MapReduce for small queries

The speedup of range query is
capped by number of simultaneous
queries the system runs

Lakes (8.6GB) Buildings (25GB)
Spatia| join Q1] 075 0.89 0.89 147 147 271|050 071 0.78 0.71 107 181
Ql Quad SR+ Kd SIR Hilbert Zcurvgl Quad SIR+ K-d  SIR Hilbert Zcurve
052 Quad | 276 440 463 6/5 749 628 919 888 895 1054 1633

High correlation
between Q1 and
the performance
of spatial join

069 SR+ 419 381 439 577 613 1 801 740 834 763 960 1346
0.7 «Kkd| 465 404 416 5060 664 1058 78/ 836 735 782 935 1321
0.7 sSr| 409 401 437 5/0 599 1031 834 765 795 733 928 1321
1.03 Hilbert | 512 464 491 612 630 1100f 1248 1085 1026 1030 1184 1646
1.88 zZzurve | 740 589 608 837 780 1246( 1979 1587 1519 1519 1644-

Roads (23GB)

ONEE WA R R - This work is supported in part by NSF under Grants 11S-0952977 and 11S-1218168



