


SPATIAL SEARCHES IN
ASTRONOMY DATABASES

MULTI-DIMENSIONAL INDEXING FOR
SIMULATIONS AND OBSERVATIONS



Storing Simulations

Millennium RunMPA)
10 billion particles, 64 snapshots
FoFgroups and merger trees
Millennium XXL
300 billion particles
MultiDark¢ Bolshoi

Turbulence simulationgHU)
1024 grid, 27TB
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Observing Simulations

Comparison to real observations
Lots of spatial seares -
In the database? v
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Sky Coverage

For precise window function
Virtual surveys
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Outline

Query shapes in SQL
Indexing with spacélling curve

Combine for spatial searches
Periodic boxes
Celestial sphere
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Databases

Which one to use depends on the task
Sqlite MySQL.PostGRE®B2, Oracle, SQL Server
CNBES GSELINBaa OSNEA2yaé¢ 27
Customization is a must

There is always something missing
Extend by loading your libraries
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Query Shapes

» Geometric primitives
A{LIKSNBE .2EX [/ 2ySX
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Query Shapes
» IShapeinterface

TopoPoint  Contains( FPoint  p);
TopoShape GetTopo( Box b);
2ox GetBoundingBox ();

Tamas Budavari

» Geometric primitives
A{LIKSNBE .2EX [/ 2ySX
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Query Shapes
Tamés Budavari

» IShapeinterface

TopoPoint  Contains( FPoint  p);
TopoShape GetTopo( Box b);
2ox GetBoundingBox ();

5 Composites
ALYOSNBRSOGSE !
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Query Shapes

- /* Sphere */
A In SQL Fldeclare (@s Sphere = Sphere::New(l,2,3,10);

N L—— Check if a point is inside
A UDT

select (@s.ContainsPoint(1l,2,3), @s.ContainsPoint(99,0,0) ;
go

/* Box */
4 Fdeclare (@b Box = Box::New(0,0,0,10,10,10) ;
Microsofte = Lselect @b.ContainsPoint (1,2,3), @b.ContainsPoint(99,0,0);
SQLserver' select @b.ToString(); —-- string representation
go

/* String Representation */

Fdeclare (@x Box = 'BOX [0,0,0, 10,10,107"

Lselect @x.ContainsPoint(1,2,3), @x.ContainsPoint (99,0,0):
go
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Query Shapes

GenerIC /* Generic Shapes */

declare (@a Shape - 'BOX [0,0,0, 10,10,101";
Lselect @z .ContainsPoint (1,2,3), (@a.ContainsPoint (99,0,0)
LJ[)1- select @a.ToString() ;
go

Boolean
/* Boolean Algebra */

Methods —declare @sl Shape = 'BOX [0,0,0, 10,10,10]"';
declare @s2 Shape = 'SPHERE [0,0,0, 5]';

declare @sU Shape = Shape::NewUnion (@sl,@s2);

declare @sI Shape = Shape::NewlIntersection(@sl,@s2);

declare @sD Shape = Shape::NewDifference (@sl,@s2) ;

select @sU.ToString() union all

select @sI.ToString() union all

~select @sD.ToString():;
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Query Shapes
A Genenc /* Generic Shapes */

declare (@a Shape - 'BOX [0,0,0, 10,10,101";
N Lselect @a.ContainsPoint(1,2,3), @a.ContainsPoint(99,0,0)
A U DT select (@a.ToString() ;
go

. Boolean

/* Boolean Algebra */

/* Using the parser */
ldeclare @u Shape, @i Shape, @d Shape;

select @u = 'UNION [BOX[0,0,0,2,2,2], SPHERE[0,0,0,2]11"', ©);
@i = 'INTERSECTION [BOX[0,0,0,2,2,2], SPHERE[0,0,0,2]1]",
@d = 'DIFFERENCE [BOX[0,0,0,2,2,2], SPHERE[0,0,0,2]]1"';

select @sD.ToString():;
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Indexing Tables

Better performance of queries

Instantaneous range searches
Fast JOINs

Syntax

CREATE INDEXx_Name ON Table
(X ASG AIBICUDEs 6+ A%
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Multi -Dimensional

Map the space to a simple index

Different kinds of Spaeckilling Curves
a 2 NI 20058 %
PeanceHilbert Curve
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PeancHilbert Curve

Hierarchical space filling

First Order
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PeancHilbert Curve

Hierarchical space filling

First Order

Second Order
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PeancHilbert Curve

Hierarchical space filling

First Order

Second Order

Third Order
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PeancHilbert Curve

Hierarchical space filling

First Order

Second Order

Third Order
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