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) The datadrlven suence era

Thesizeof data has rapldly mcreased reachlngln many casesd|menS|onsovercom|ngthe
humanpossibilityto be handledin an efficientand comprehensiblevay.

In astronomythe data volumes,from the ongoingand next generationof multi-band and
multi-epoch surveys,are expectedto be so large that the ability of the astronomersto
analyze,crosscorrelate and extract knowledge from such data will represent the most
challengefor scientists

Someexample

ESAEuclidspacemission ~800 Gbitday over at least6 years,collectinga minimum
amountof ~200 TBof data;

PanSTARR®orethan 100 TBof data;

GAlAspacemission a Milky Way 3D map, by collecting~1 PBof datain 5 years
LargeSynopticSurveyTelescopdLSST 30 TB/nightof imagingdatafor 10 yearsand
PB/yearof radio data products

KiD9KiloDegreeSurvey) DESDarkEnergySurvey)HerschelATLASH-GALEELT..

To deal with such amount of information, also the data analysis techniques and
facilities must quickly evolve.

Catalogues crosmatch, fundamental prerequisite for combining mutband data, is
particularly sensible to the growing of the datasets dimensions
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&  Astronomical crossnatching

Data analysistechniques and technologiesare rapidly evolving (data mining and
machine learning algorithms, large scale distributed DBMS, parallel processing
frameworks),but Crossmatching is still one of the core stepsof any standardmodern
pipelinefor datareduction/calibration/analysis

Some Examples: " F

Photometric redshifts evaluation for Quasarsthrough =~
machinelearning algorithms (Bresciaet al. 2013: dataset

obtained by merging 4 different surveys (SDSSGALEX,
UKIDS&ndWISE) O

Evolutionary classification tool for VialLactea
Project,basedon data miningand machinelearning
(Merello et al. in prep): it will cataloguea HFGAL
G Of dawytedns of the evolutionary stage of the

L L stellar sources Data obtained by combining
. - - Information from UKIDSSGLIMPSENd MIPSGAL
0,240 '. ; § ) - . ’ . " '. Surveys

Galactic Longitude

Galactic Latitude




i‘ e Crossmatching Tools. =

Crossmatching
strategy

Web application
(CDSXmatch,
Arches)

Standalone
(STILTS)

GUI
(Topcat)

IT-I-T|I-I-T

T

T

PRO

Portal to query and cross
match large datasets
Intuitive user interfaces
Black boxing

Custom script languages

Commandline tools
Readyfor-useAPIs

Easy application in data
reduction/analysis pipeline
Usage in distributed
computingenvironments

Intuitive user interfaces
Black boxing

CONS

Nointegration into data
reduction/analysispipelines
Tool scalability

Limited choice of parameters

Oftenplatform-dependent
Performance limited by hosting
machine

Configuration not always easy

No integration into data
reduction/analysispipelines
Limited choice of parameters
Local execution (Java heap
memorylimitations)
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G: CommandLine Catalogu€rossmatch

- C is a commandline software, designedand developedto perform
A ommand-ling i . _
8 ?3':5{“a general crossmatching among astrophysicalcatalogues,trying to
- ataleaue copewith the needsof new generationsof astronomerswho must
-."E:-E"Fd Illr.i...l;?. ..E.l-..n.x.
0 = dealwith verylarge datasetsproducedby independentsurveysto be
W ressamatell  combined together to extract new information and to increase
knowledgeaboutastronomicalobjects

Commandline tool: as stanealone program or integrated within complex pipelines;
Python Compatibility with ver. 2.7.x and 3.4.x;

Crossplatform: tested on Ubuntu 14.04, Windows 7/10, Mac OS and Fedora,;
Multi-process crossmatching process exploiting the muttore parallel processing
paradigm fowadayshe standard setup of desktop/laptop hardware);

Sky partitioning simple sky partitioning system to reduce computing time;

Userfriendly: easy to be configured and used.



Input Files
Catalogues Properties
Working Dirs
N processes

Match Criteria

Matching column cat.1
Matching column cat.2

Area shape
(ellipse/rectangle)
Size type

(fixed/parametric)
Main dimension
Secondary dimension
Parametric Factor
Position angle specs

Match selection
(all/best)
Join type
(1and2, 1or2, 1not2, 2notl,
AllFrom1, AllFrom2, 1xor2)

_________ -
[

Pre-Matching
Input l Bate Losilic Coordina_tes K .
Catalogues I—) g > Conversion Sky partitioning 1
b e e e e e e e e e e e - e e e = = ——— -
P [ O
|
|
——————————————— : ERREEEEERED < Sky Exact Value Row-by-Row
" | |
—————————— v———————————————————
Output
mmmmmmmmmmmmomoes > Rows
: Selection
___________________ | Y
Crossmatched
Catalog

Crossmatching



Input Files
Catalogues Propertie
Working Dirs

N processes Pre-Matching

Input > Data Loading <! Coordinates

Catalogues Conversion Sky partitioning

Match Criteria~ --- |

Matching column cat.1
Matching column cat.2

Area shape

(ellipse/rectangle)
Size type

(fixed/parametric)
Main dimension
Secondary dimension

Parametric Factor
Position angle specs

| Crossmatching

———————————————————————— > Sky Exact Value Row-by-Row

| |
7

Output
_________________ > Rows
Selection

Match selection
(all/best)

Y
Jointype  /cooooooeeiiioo-
and2, lor2, 1not2, 2ngft1, STEP 1: Crossmatched

roml, AllIFrom2, 1)or2) CONFIGURATION Catalog




____ CPipeline: Configuration

/O Files
Input Catalogues and their formaE§V, FITS, ASCII, VOJ)able
Output file CSV, FITS, ASCII, VO) abtafile.

Match Criteria- matching algorithntypes:
Sky, the crosamatch is done within sky areas defined by the catalogue parameters;
Exact Valueobjectsmatchedin case obame value for a pair of columns;
Row-by-Row, match done on a same reld of the two catalogues.

Functional Case parametergparameters used to perform the match: X
{KIFILS FTYR RAYSYyaAz2wWkE BT YI 0OKAY3I | NBI
al 0 OKAY 3 Cxdctdedivedl T2 NJ &
b2 FRRAGAZ2Y Il fRoky-RanEYdS 0 SNE T2 NI a |

All\lrequwed

Catalogues Properties

Coordinate systemdrs, fk4, fk5, galact)¢ parameters Se’F by
Coordinate unitsdegrees, radians, sexagesimal user through a simple

Thread Properties number of parallel processes. conﬁguraﬂon file

Output Rows- matches to be stored in the output file:
Match selectionall or bestmatches;
Join type, indicating which rows to include.



a{ies szyOu)\EYI OIaS NBIszANBa
characterize the shape and the dimensions of the matching areas

Area shape elliptical or rectangular (circular is a special elliptical case);
Size type- valid entries ardixedor parametrig

Matching areadimensions- semtaxes of the elliptical area or width and height of the
rectangular area;

Parametric factor- only for parametric "~ Size type", multiplicative factor for dimensior
Pa column/value value or column name/ID of the position angle;

Pa settings parameters indicating the orientation (clockwise/counterclockwise) and &
shift angle (in degrees) to be taken into account for matching catalogues.

ELLIPSE RECTANGLE

pa*orientation+

factor*1st_dim shift

factor*2nd_dim

factor*1st_dim




~ CPipeline: Step2

Input Files
Catalogues Properties
Working Dirs

N processes

Match Criteria

Matching column cat.1
Matching column cat.2

Area shape
(ellipse/rectangle)

Size type
(fixed/parametric)
Main dimension

Secondary dimension
Parametric Factor
Position angle specs

Match selection
(all/best)
Join type
(land2, 1lor2, 1not2, 2notl,
AllFrom1, AllFrom2, 1xor2)

STEP 2:
PRE-MATCHING

Pre-Matching |
; |

Input l Bate Losilic Coordlna_tes K .
Catalogues —)I g > Conversion —>»] Sky partitioning I
L e e e e e e e e e e e e e e e e e e = = = = — -

| Crossmatching

“““““““““““““ > Sky Exact Value Rowby-Row
| |
v
Output

mmmmTmmoomoooooes > Rows

: Selection
___________________ i Y

Crossmatched

Catalog




_ CGPipeline: PreMatching -

During the pre-matching phase, C preparesdata for the analysis In particular, after
configuration parameterscheckingand cataloguesloading it organizesdata to exploit
parallelcomputingin order to reducethe computingtime.

Catalogue l: uniform split in a number of groups qual to the defined number of
parallelprocesse$hl groupfor 1 processalsofor & 9 E+ 10l dzS ¢ 0¥

Catalogue2 - Sky partitioning: the sky is partitioned in square cells whose size is
defined by the maximum dimensionthat the matching regions can assume,with a
minimumvalueto avoidthe cellgenerationredundancy

(X-1,Y-1) X Y-1) | (X+1,Y-1)

Oncethe partitioning is defined,
eachobject of the 2" catalogueis
[\ assignedo one cell, accordingto
its coordinates Having defined
U (. the cells, the boundaries of an
) elliptical region can fall at
maximum in the eight cells
surroundingthe oneincludingthe
object This prevents the well-
known block-edgeproblem.

cell (X,Y)
(X-1,Y) ® (X+1Y)

1

X-1,Y+1 X,Y+1 X+1,Y+1 — 4
( ) | ( ) | ( ) ¢

J/




Input Files
Catalogues Properties

Working Dirs _
N processes Pre-Matching

nput > Data Loading [—>] CoOMINAeS | 5} o4y partitioning
Catalogues Conversion

L

Match Criteria

Matching column cat.1
Matching column cat.2

Area shape
(ellipse/rectangle)
Size type
(fixed/parametric)
Main dimension
Secondary dimension
Parametric Factor
Position angle specs

Exact Value

mTmmmmmmoos > Rows
Match selection Selection STEP 3:
(all/best) ! v c
Jointype = trtmmmmomomoooes ' CROSSMATCHING
(1and2, 1or2, 1not2, 2notl, Crossmatched
AllFrom1, AllFrom2, 1xor2) Catalog
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C~’>P|pellne Crossmatchlng

Thep05|t|onalcrossmatch IS basedon a S|mpleconcept

Definition of an elliptical/rectangularregion centeredon eachobject of catalogue
1, whosedimensionsare limited by configurationparameters(fixed or cell value)
Searchfor catalogue2 sourceswithin suchregion, by comparingtheir distance
from the centralobject (in caseof elliptical crossmatch,the analyticalequationof
the ellipseis used)
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Input Files
Catalogues Properties
Working Dirs
N processes

Match Criteria

Matching column cat.1
Matching column cat.2

Area shape
(ellipse/rectangle)

Size type
(fixed/parametric)
Main dimension

Secondary dimension
Parametric Factor
Position angle specs

Match selection
(all/best)
Join type
(1and2, 1or2, 1not2, 2notl,
AllFrom1, AllFrom2, 1xor2)

Pre-Matching

Input >
Catalogues

Data Loading |—>»

Coordinates N
Conversion

Sky patrtitioning

| Crossmatching

Sky Exact Value Rowby-Row
| . |
—V___ \
Output
Rows
Selection
Y
z g STEP 4.
rossmatche




C prowdesa file (CSVFITSASCIbr VOTabIe):ontalnlngthe resultsof the crossmatch
For "Exactvalue" and "~ Sky"functional casesthe user can define the conditionsto be
satisfiedby the matchingoutput.

Match selection all matches or only thdéestmatches;
Join typein one of the combinations shown below.

1 AND 2 10R?2 1 XOR 2

1 NOT 2 2NOT 1 ALL FROM 1 ALL FROM 1



Cvs STILTS. - |

Comparison between C

gg NrowScatalogue, = 1000 _32 Nrows atalogue; = 10000 )

60| € w|=C Crossmatching phase and

150 = STILTS 50 = STILTS .

140 “0 STILTS by varying the

130 .30
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o " objects(rows).
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5% 5 C alwaysfasterthan STILTS

40 40 . . .

» s (in particular when the size
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: / 7 next releases.
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Ncolscata logue; = 3

-C:!

Ncol Scatalogues — 20

= STILTS
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Comparison between C
Crossmatching phase and
STILTS by varying the
number of columnsof the
catalogues

Time(s)
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Increasing the number of columns of input datasetsis@pproaching STILTS computation
time. When the number of columns is sufficiently highb&comes faster.



, C is a multi-platform tool designedto efficiently crossmatch massivecatalogues,
reaching high-performance capabilities through a multi-core parallel processing
paradign

, Thetool has been conceivedto be a stand-alone commandline application or an
iIntegrated packagewithin any genericdatareduction/analysigipeline

, It provides the maximum flexibility to the end user, in terms of parameter
configuration,coordinatesand crossmatchingtypes

, Itisuserfriendly, easyto be configuredandused

,  Preliminarytestsshowits scientificreliability in terms of crossmatchingquality.

TODO in next releases:

Increasing performance:

" by optimizing Pranmatching and Output creation steps;
by refining the Sky partitioning algorithm;

Providing additional functionalities

" new matching algorithms; _ _
subregions definition: C Rel. 1.0s available @:
new coordinate systems

User demanding... http:/dame.dsf.unina.it/c3.html
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