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Disclaimer:

This is a tutorial which has been
presented at VLDB 2015. As su
It IS supplementary material and
necessarily optimal forstaty.
Seewww.rasdaman.dog ample
ancillary material.
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Introduction
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Structural Variety in Big Data

Stock tradings sequences (l.aray$
Social networks: large, homogegsaplss
Ontologies: small, heterogergap$s
Climate modelling: 4DdBays

Satellite imagery: 2D&Biayg+irregularity)
Genome: long strargays

Particle physic®tsof events

Bio taxonomidserarchiesuch as XML)

Documents: key/value stoeetsef unigue identifiers + whatever

>\ >\ >\ >\ >\ >\ >\ >\ >\ >\

etc.
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Array Analytics

A Array Analytics =
Efficient analysismanltdimensional arrayfsa size sevebders of
magnitude abogev a |l uat imainmeenaryg i ne 0 S

A Essentialataproperty:-B Euclidean neighborhood
A Secondary: #dimensions, density, ...

A Operationd.inear Algebra++

[EDBT/ICDT Array Databases Workshop, 2011]
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A Simple Example

A Divergent access pattéonsngest and retrieval

A Server mustediatdbetween access patterns
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Why Arraypatabase3

A'd assicaln database benefits

A data integration
A flexibility Eii h_i

A scalability

S
A ...plus all further assets, Vel
like offtheshelf tool support

App_1 App_n
| [

A Unfortunately database people have been soooo conservative

A "images are matrices [...] which are stored as byte strings, ie, BLOBs"
AAthis is NOT SQL!#
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A Brief History of Array DBMSs

Rasdaman

Grid DataBlade

Terrall

PostGIS Raster

Oracle georaster

ESRI ArcSDE

|

SciQlL
i SpatialLite '
SciDB |
Paradise
OpenTSD, EXTASCID
—1
Grid & Gridfield
AQuery
—1
RAM
EXTRA/EXCESS |
1
| AQL
/1
ADMML
I
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first appearance in literature (not first implemént rasdaman: BOSS @ VLDB 2015 :: ©2015 rasc




Array Analytics Research
@ Jacobs U

A LargeScale Scientific Information System
research group

A Flexible, scalali® array services
A www.jacobsniversity.de/lsis

A Main results:

A pioneeArray DBM®asdaman
A standardizatio®@GC Big Geo Data, 1ISO SQL

Hiring PhD students, PostDocs
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A4

AAraster dddDreaysimE@Qlager i :
A[vLDB 1994, VLDB 1997, SIGMOD 19

A Array Algebra [NGITS 1998]

A Declarative, optimizable QL @'

\\N\on\toring Compg tir)
‘o

L
<@
<
L

Q)pernicus
masters

A Scalable, parallel architecture

AAtile streamingh

WINNER

T-SYSTEMS BIG DATA CHALLENGE

2014

‘[ - -Systems-
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Installation
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Options for Today

A Install from soureevw.rasdaman.org

A Prerequisite: Linux laptop

A Install RPM (CentOS 6, 7)
o Who
A Prerequisite: Linux laptop
) _ wants
A Boot from USB stick
what?

A Prerequisite: laptop

A Run demo queries from browser

A Prerequisite: laptop
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Coffee Break!
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Query Language Intro
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The Multidimensional Data Model

dimension _ _
spatial domain
\A /
1 | |
upper bound'¥24 -T CeI
- value
23 4 V2 il
22 -+
?21 -T 30
lower boun :
1 >
6 7 8
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The rasdaman Data Model
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. MyColl | OID | array
A Data moddhbleftyped D arrays oid1| S
A Arraytype knows cglpe, extent/dimension do|
A Original rasdirray+ system attribute OID e
metadata | att 1| att2| attn
AODMG speak: Acol I [kei| . |odt}8/Ai[ at
key2 | ... [oid2 | oid4 | Ly
A Typed; any C/C++ type for cells eya| .. o3| =
oid 5
A Ex: typedef Marray< int, [0:255,0:*] > Greylmage:; L

A ISOSQL/MD#see latenlight DDL/DML integration with SQL

A Ex create table LandsatScenes(
Id: integer not null, acquired: date,

scene: row( bandl: integer, ..., band7: integer ) array [ 0:4P999,0:49¢

will use rasql here
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QL in a Nutshell

< . . [
A Remember: tables with single, unnamed column of arrays|=

A trimmind:slicing
‘select a[ ** 100:200, 10 |
from AvgLandTemp asa

A result processing
select img * (img.green > 130)
from NIR as img

Ve

A search & aggregation

select mr
from MRScan as mr, masks as m
where some cells ( mr > 250and m )

A data format conversion
select encode( a[****10] , "png" )
from AvgLandTemp as a i € 2 ¥ — i
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QL Foundatiarrray Algebra

A Starting poirtomain studies

A 1SO Comput&raphics Reference Model, Visualization Reference Model,
processing languages, AFATL Image Algebra, etc.

A Resultminimallgebrdor model, QL, storage mapping, optimizatic
AArray it emaexplictfools mpelcilcairtatY ve, saf e

A QL = SQL with array exprepsiddBJ1994, NGITS 1998]:

A Arrayconstructerbuild array & initialize from cell expression
A Arraycondenser summarize over array, delivering a scalar
A Arraysorteii reorder arrajices

A ...all else can be reduced to these

rasdaman;: BOSS @ VLDB 2015 :: ©2015 rasc
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ArrayAlgebra Ops: Constructor I

A Define aew arrafwith extentjitializeells

marray x in [0:99], y in [0:99]
values x+y

A Shorthands:

A Subsetting (trim, slice):
a[ x0:x1, yO:y1, t ]

AAinducedfi operations: for every
ared+5

A cell componeatcess
A arithmetjdoolean, exponential, trigonooesric
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ArrayAlgebra OpsCondenser

A Summarizever (part of) an array
condense +

over Xxin[0:99],y in [0:99]
[ where P ]
using alx,y]
A Shorthands:
A usuabuspectsount, sum, avg, max, min, some, all

max_cells(a)
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Sample Combinations

A Matrixmultiplication (here for simplicitjisglf

select marrayiin [0:m], k in [0:p]
values condense +
over Jin[0:n]
using alfl,j]*b[], k]
from lena asa, lena asb

A Histogram

select marray bucket in [0:255]
values count_cells( lena = bucket)
from lena
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Hands On Querying
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Let 0s Get Hands On!

A Online:

A http://standards.rasdaman.com/demolclient/rasgl.php

A For images: prefix queryimilge>>
A For diagrams: prefix querydieigiiam>>
A Otherwise (text output): no prefix

A USB sticks:

Astart rasdaman.sh Y open browser

A Compilettomsource: use command line:

A start_rasdaman.sh
A For images:résqgtq "select ..-‘but image

A Otherwise:rdsqkq"select .".--out string
rasdaman:: BOSS @ VLDB 2015 :: ©2015 rasc
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What Data i1s Avalilable?

A Collections hold array objects
A Get a list of available collections:

select c
from RAS_COLLECTIONNAMESS ¢ *

A Virtual collection d@d thar arrays *
A In thidutorial:
= climate clouds

A Mostly using 3bbal land temperatimesefies
ostly using P Ll AverageTemperatureColor
A Most collections contain 1 row S climate_earth

rasdaman;: BOSS @ VLDB 2015 :: ©2015 rasc
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ArraySchema & Other Information

A Get a list of available collections:

select ¢
from RAS COLLECTIONNAMESSs c

A Virtual collection éb thar arrays

e : ... select oid(c)
A old)T arraydentifier: ¢ ayqt andTemp as ¢

Ve

A sdom() list obaxisboundary intervals (ie, integer pairs)

select sdom(c)

from AvgLandTemp as ¢ — 5 [0:3599,0:1799,0:12]

A dbinfo(j physical storaggormation

rasdaman;: BOSS @ VLDB 2015 :: ©2015 rasc
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Trimming & Slicing

A Array subsetting: m I I
A Trimtakes interval, retains dimension of result

A

A Slicetakes point, each slicing reduces dimension

A EXx (substitute numbers for X, vy, t):

select c[xvy,t]

A Single point (0D = sca from AvgLandTemp as ¢

A 1Dtimeseries select c[x,y,t1it2]
from AvgLandTemp as ¢

A 2Dtimeslice select  c[**, ** t]
from AvgLandTemp as ¢
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Induced Operations

A = overloaded array cell operators, as aka shorthands

AEx: AConverCelsivsiBlel valhudéorf oom
select encode( c[x,y,0:11 ] + 273.15, "csvil)
from AvgLandTemp asc

A Ex:Pixevi se Aband mathfi in remot
select encode( cO - cl, "png" )

fromNIR as c

A EX: Redlife example: NDVI (vegetation index) franoldalseage

select encodgchar) ((((float)c-®.1) / ((float)c.0 + c.1)) > 0.7) * PbY,)"
from NIR as c

= rasdaman;: BOSS @ VLDB 2015 :: ©2015 rasc
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Induced Operations /contd

A Conditional evaluat®@L case statement, extended to arrays
A Ex : obdeodtpatbased oncelll u e s , null values

select case
when ¢[1600:2200,150:550,7] = 99999 then {255c¢,255c,255c}

when ¢[1600:2200,150:550,7] < 18 then {0Oc,0c,255c}
when ¢[1600:2200,150:550,7] < 24 then {0c,255c,0c}
else {255c¢,0c,0c} end

from AvgLandTemp as c

A In summary: all unary, binaagy pell operations can be induced

A record access, arithmetic, logarithmic, trigonometric, comparison, Boolee

rasdaman;: BOSS @ VLDB 2015 :: ©2015 rasc



rasdaman’ .
raster data management ‘ JACOBS

| UNIVERSITY

Array Construction /contd.

A Subsetting & induced ops expressible through basic array cons
as per algebra:

A Ex: 1082 inlspacesliccat ti me t =000
select encode(
marray
values c[ , Y, 0],
"png")
from AvglLandTemp asc
A E x ID arfaofbimonthly average temperatutes a cer t a
select encode(
marray

values ( c[1888 , 369, 2*t ]
+ ¢[1888, 369, 2*t+1 1) [ 2,

"png”)
from AvgLandTemp as c
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Aggregation

A First, shortcutwmin_cells, max_cells, avg_cells, all..cells
AEx: A Nmperamre ofiall monts f i rst year, f or

select min cells (c [100, 200, 0:11 ] )
from AvgLandTemp as ¢

A Next, basic condenasgperlgebra

A E x CounAumber of months wheerage temperature over a particular area
exceeds threshiold

select
condense +
over
where avg_cells( ¢[1800:1900, 300:400, ] )>15
using 1

from AvgLandTemp as c
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UserDefined Functins (UDFs)

A external code dynamically linked into server, callable from quer

A Leverage existiliforariesvithin rasqiueries diffictdtrepresent as queries

Ve

A rasdamanJDF API = client ARlutegenerated adap®&reasy to use

A integratedith serveside tile management, parallelization, ...

A Demo onlgvailablen seknstalled version, not over Web; bafareg

query compile UDF cod€ 1) open termi nal (Applic

2) $ cd~/rasdaman/share/rasdaman/udf
3) $make&& stop _rasdaman.sh && start_rasdama

A Ex: use OpenCV listogram equalization on RGB image
select encode(
cv.equalize hist ( c[0:999,0:999 /26 ) ), "png")
from AGDC 2D asc
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Cloud Demo

A Open URL shown
A 1 TB of Earth science timeseries data

A Run parallel queries in Amazon cloud
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Architecture
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Query Processing
A Clear separation: select a< sum_cells(b+c)
set vs array trees from a,b,c
A Arrays as 2nd order attributes [
A Extensive optimize !
(x |
A Tilebased evaluati I o\ " o -\
. 7
T i <'
X i a sum
/ ‘\: 1
S S set il element +
: — tree ! trees
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Tiling
A Goalfaster tile loadibyg adapting storage units to access pattern:

A Approach: partitieBDmrray intod par ti ti ons (A

A Tiling classification based on degree of alignment [ICDE 1999]

regular irregular partially aligned totally nonaligned

L aligned—| L nonaligneel—|

chunking [Sarawagi,
Stonebraker, DeWitt
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Why Irregular Tiling?

A e-Science often uses irrequadioning

[Centrella et al: scidacreview

[OpenStreetMap]
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