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Fi1GURE 3—Children under 15 years of age in 1940.
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Spatial Data & Hadoop C SpatialHadoop N

Hadoop

SpatialHadoop

points = LOAD oOpoiflipoints = LOAD ﬁpointl
(id:int , x:int, y:int); (id:int , location:point );
result = FILTER points BY result = FILTER points BY
X< xmax AND x>= xmin AND Overlap (location, rectangle
y< ymax ANDy>= ymin; 7 (xmin, ymin, Xmax, ymax)); 7

ZTakes 193 seconds

{ Finishes in 2 seconds
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The Built-in Approach of SpatialHadoop K
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Approach
Spatial Modules

User Programs

Pig Hadoop
Latin ~ Java APIS

Job Monitoring
and Scheduling

MapReduce
Runtime

Storage (HDFS)

From Scratch
Approach

(Spatial)
User Program
+
MapReduce
APls
+
Job
Monitoring
and
Scheduling +
MapReduce
Runtime
+

Storage

+
e

The Built-in Approach
(SpatialHadoop)

User Programs

Spatial

Language |:> Pig H?doop
Latin AaD\I’i

Spatial |:>

Operators

Job Monitoring
and Scheduling

Early |:"> MapReduce
Pruning Runtime

Spatial
N Y |:> Storage (HDFS)



Agenda

» The ecosystem of SpatialHadoop

Internal system design
Applications

Related work
Performance results

» Open Research Problems




SpatialHadoop Architecture

R

Applications: SsHAHED [ | CPME3G5] SSTD6 13,

TAREEG[ S| GMODG6 14,

SI GSPATI ALP

Language

Pi geon

Spatial Haddop
VLDB® 1
BRI Operations

MapReduce

Indexing

[ | D E

Visualization
[ VLDBO U5CDE®

Basic operations T CG_Hadoop

[ SI GSPATI ALO 1

Spatial File Splitter
Spatial Record Reader

Grid i R-tree T R+-treei Quad tree

[ VLDBO15]




Indexing

Spatial Hadaop
VLDBO 118
| CDEG 15

Grid i R-tree T R+-treei Quad tree

Indexing [ VLDB®15]




Data Loading in Hadoop R

> Blindly chops down a nput File  Data Nodes
big file into 128MB
chunks 128MB

» Values of recordsare _ L __ __._ L
not considered

» Relevant records are
typically assigned to
two different blocks

» HDFS iIs too restrictive ~
where files cannot be 128MB
modified

=
N
00
<
vy




Spatial Distributed File System [[ICR

N

NN

s / S

Default Partltlonlng Spatlal Partltlonlng

J S SN
<




Uniform Grid

Works only for uniformly distributed data



R-tree K

» Read a sample

» Bulk load the sample into
an R-tree

Leaf node capacity C

Yl p |
k: Sample size
B: HDFS Block capacity
|IR|: Input size
U: I ndex over
» Use MBR of leaf nodes
as partition boundaries

&




R-tree
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R-tree 1UCR

» Read a sample

» Bulk load the sample into
an R-tree
Leaf node capacity C

> ™M |
k: Sample size
B: HDFS Block capacity
|IR|: Input size |
U: | ndex overr:l-
» Use MBR of leaf nodes
as partition boundaries

» Partition the data

> Optional: Build R-tree Local indexes



R-tree-based Index of a 400 GB road network UCR
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Non-indexed Heap File




