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Efficient Distributed Cross Match
Queries in the Virtual Observatory
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Background

ical data resources

tronomical data from the various

gues via standards (TAP, VOTable ...)
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atrics considered
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Data Requirements

oerform cross match against



LAS survey — Y J_1 H K filters
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LAS survey — Y J_1 H K filters
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Computing Environment

oyal Observatory

D5 arrays with 5.45 TB each

time



‘Cold’ database

arted server
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Types of queries



Metrics for analysis
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Brute Force RA/Dec cut followed by GCD

certain range of values



Query times
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Scalability
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Pre-computed cross-neighbour tables



Pre-computed cross-neighbour tables

of the catalogues



Results

* Costs for generation of the neighbours table

—— Self match neighbours table
—— Cross-match neighbours table

Extraction of tuples

Neighbours table construction
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Results — Query a

—— Query 1 (Slope =1.64)
~—— Query 2 (Slope =2.10)
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Localisation via ‘pixel code’ followed by GCD

* Encoding the rough position of each source entry
* Partition the sphere into pixels of appropriate size

* Localise the position of every source onto the pixel map

* Spatial Indexing Schemes

* Hierarchical Triangular Mesh (HTM)

* Hierarchical Equal Area isolLatitude Pixelisation (HEALPix)




Hierarchical Triangular Mesh

* Recursive decomposition of celestial spherical surface into similar
sized & shaped triangles

* Base trixels defined by projection of octahedron faces onto the surface
of the sphere




Hierarchical Triangular Mesh

sive level & computationally
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Middleware based option

in memory



Cross match between two collection of points




Plane Sweep Algorithm

on - plain text/binary files.



Middleware ?

* OGSA-DAI

* middleware suite to perform queries between distributed catalogues using
standards compliant services (TAP, VOTable eftc)

* data from multiple sources and of multiple types can be accessed, updated,
combined, filtered, transformed and delivered.

* 3-layer service architecture for VO

Query Planner




Implementation

t application

bles wrt window size



TupleSweepProduct product = new TupleSweepProduct();
product.addWindowSize(10/3600.0);

product.connectData1lInput(query1.getDataOutput());
product.connectData2Input(query2.getDataOutput());

http://agtest.roe.ac.uk/dai/services
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Data source

— Key

ey CONTrol messages
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Projection criteria = Selection criteria > Workflow = Data source = Stream results




Phase |V

— Query 1 (Slope = 14.40)
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Mixed option — Zones algorithm

* Bucketing the 2D spaces
* Celestial sphere division into zones

* Zone 2 declination cut on the sphere




Mixed option — Zones algorithm

ion in SQL

xcellent performance

an the zone height, the algorithm



- Query 1 (Slope =1.64)
—— Query 2 (Slope =2.10)
X'2 (Sleps =2.32)

Query times
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Results — additional



Impact of Network related costs

fied scalability factor in plane
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Query4
3 4 5 6

Naive GCD
Neighbours table
— HTM
- Plane sweep
— Zones

Number of objects (105)




Inferences

of objects




Inferences

ge queries

related costs




Inferences

1ke up higher times as expected.




Future work

, advanced HTM indexing







Hierarchical Equal Area isolLatitude
Pixelisation (HEALPix)

* Mapping sphere to 12 diamond shaped entities

* Binary division of diamond entities into pixels/plane




Te]g

esis of distributed data
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Implementation ?

& documented

roject

plex HEALPix approach



